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(57) An electric power system protection and control 
system, including, a plurality of protection controllers, 
each for executing protection and control of an electric 
power system by inputting a status quantity of the elec- 
tric power system and for converting the status quantity 
into digital data, and a display controller connected to 
each of the protection controllers via a communication 
network, for displaying and controlling an operation and 
status of each of the protection controllers for monitor- 
ing. The display controller is provided with a program 
module sending unit for sending out a program module 
corresponding to contents for display control in the dis- 
play controller to one of the protection controllers via the 
communication network, respectively Each of the pro- 
tection controllers is provided with, a program module 
receiving unit for receiving the program module from the 
display controller or another one of the protection con- 
trollers via the communication network, an execution 
unit for executing the received program module, and a 
transfer unit for transferring an execution result by the 
execution unit or the program module stored in the pro- 
tection controller to the display controller or another one 
of the protection controllers via the communication net- 
work. 
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Description 

BACKGROUND OF THE INVENTION 

Fleid of the Invention 

The present invention relates to an electric power 
system protection and control system in combination of 
digital protection controllers, such as digital relays, to 
protect and control an electric power system by inputting 
status quantities of the electric power system and con- 
verting them into digital data and a display controller to 
display and control the monitoring of operation and sta- 
tus of the digital protection controllers via a communi- 
cation network, and a distributed control system. 

Description of the Related Art 

Digital protection controllers, such as digital relays, 
are already used widely in the field of the electric power 
system, and are made highly functional by use of highly 
efficient microprocessors and memories of large capac- 
ity, etc. in recent years. In particular, for the labor saving 
of their operation and maintenance, it becomes possible 
to realize a remote operation and monitoring system for 
operating and monitoring the operation and status of 
digital protection controllers via a wide area transmis- 
sion network from a long distance. 

In these systems, it is possible to display electrical 
quantities (current and voltage quantities converted into 
digital data) input from an electric power system at a dis- 
tant place via a transmission system in addition to the 
detailed information relative to the operation and status 
of digital protection controllers. Definite examples of 
these systems are disclosed in literatures, for instance, 
(The 1 996 National Meeting of The Institute of Electrical 
Engineers of Japan, Lectured Theses 1529 "Develop- 
ment of Digital Relay Remote Operation Monitoring Sys- 
tem"). 

On a system for the purpose of the remote operation 
of conventional digital protection controllers, such as 
digital relays, it takes such a form that along the remote 
operation menu of digital protection controllers (herein- 
after referred to as "Protection Controllers"), a request 
is submitted from a remote personal computer via a wide 
area transmission network. When this request is re- 
ceived, the protection controller performs the process 
according to the request and returns a response to the 
personal computer that sent the request. An example of 
the remote operation menu is shown in FIGURE 40. 

A case in taken to change the setting, for example, 
the setting of a threshold value of the relay operation In 
a digital relay, according to a setting menu as an exam- 
ple. As shown in FIGURE 41 , the steps will be as shown 
below: First, selecting a display control menu after se- 
lecting a substation and equipment and connecting the 
communication according to a communication menu 
within a remote operation menu; and then, after further 



selecting the setting, setting elements to be changed are 
selected, numerical values to be changed are input and 
a writing request is submitted to EEPROMs in the pro- 
tection controller, and thereafter, an operatbn starting 

5 request is submitted. 

In this case, until a series of processings is com- 
pleted, it is necessary to maintain the connection be- 
tween the personal computer and the protection control- 
lers. Accordingly, there will be a first problem that delay 

10 of communication accompanied with increase in the 
traffic on a communication network and drop of reliability 
generated from loss of communication packets. 

FIGURE 41 shows the change of one setting ele- 
ment. But so as to change plural setting elements, a re- 

is qu ired time further increases. Further, to have a person- 
al computer generate various requests corresponding 
to the above-described remote operation menu, it is re- 
quired for the operator to operate the personal computer 
to each request. 

20 This means that when functions of a protection con- 
troller become complicated and versatiled, the number 
of operations increase and workload of the operator in- 
creases. Further, when plural protection controllers are 
required to execute the same operation, it becomes 

25 complicated as the same work is performed for different 
controllers, and there will be caused such a second 
problem that with the increase of workload, the drop of 
reliability due to human error will be generated. 

Further, in case of such a remote operation system. 

30 plural protection controllers are operated by a single 
personal computer. In this case, it will become neces- 
sary to configure the system by taking differences in the 
substances of protection controllers (for Instance, set- 
ting elements due to different protection relaying 

35 scheme) into consideration. 

The configuration In this case is shown in FIGURE 
42. As shown in this FIGURE 42, the configuration at 
the personal computer side is corresponding to the 
kinds of protection controllers. This means that with the 

40 increase in kinds of protection controllers, the volume of 
the corresponding software that is to be provided on a 
personal computer increases, and there will be such a 
third problem that the necessity for modification is pro- 
duced and the economy and reliability of the system will 

45 become worse. 

Further, in such a remote operation system, as a 
local network and a wide area transmission network are 
used, the protection controllers can be easily operated 
remotely at a place where they can be connected to 

50 these communication networks. In other words, the re- 
mote operation can be made similarly through personal 
computers installed at plural locations. 

This state is shown in FIGURE 43. In this case, it Is 
necessary to provide a remote operation software that 

55 is corresponding to each protection controller to each 
personal computer as described above, and there will 
be a fourth problem that this system is inferior In the as- 
pect of economy such as required expenses and main- 
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tenance. 

Further, as it becomes possible to monitor the op- 
eration of plural protection controllers by a single per- 
sonal computer in the remote operation system as de- 
scribed above, it is possible to compare related same 
items (for instance, electrical quantities of the system 
taken by plural protection controllers connected to the 
same system). 

In this case, a personal computer is connected to 
protection controllers subject for communication and 
displays operating items along the remote operation 
menu shown in FIGURE 40. If it is desired to check the 
state of the same items on other related controllers, a 
personal computer is connected similarly to the related 
controllers for communication and displays the items 
along the operation menu shown in FIGURE 40. 

In this case, if the number of protection controllers 
subject for control Is increased, such operations as se- 
lection of controllers, connection for communication and 
selection of items become necessary for each protec- 
tion controller and the operations becomes very compli- 
cated, and related other protection controllers and items 
are displayed independently for each protection control- 
ler. However, as they are not displayed as related pro- 
tection controllers and items in the same picture, there 
will be such a fifth problem that the comparison of relat- 
ed items will become an overload for operator 

fn this case, it is considered to consolidate the menu 
for every same related items over plural controllers. But 
if it is required to see different items for each controller, 
it will be complicated conversely, and in addition, the 
maintainability will become a problem when there Is an 
increase/modification of the controller. Further, there will 
be such a sixth problem that if the same protection con- 
troller is accessed simultaneously by plural display con- 
trollers, the processing load of the protection controller 
increases in order to respond to the access and there- 
fore, a response is delayed. 

Further, for such a remote operation system there 
is the possibility for demand to realize versatile func- 
tions. For instance, conventionally the protection, con- 
trol and measurement of an electric power system are 
separated as separate controller. It is considered to con- 
solidate these functions in the same controller. In this 
case, there will be a seventh problem that the processes 
to be Incorporated In a protection controller Increase and 
an excessive load is generated in the aspect of the eco- 
nomical efficiency, reliability and maintainability 

Further, when changing the specification of a pro- 
tection controller, it is a general practice to stop the con- 
troller and change a ROM containing a program, and 
there will be an eighth problem that the drop of availa- 
bility of the system and complicated changed workload. 

Digital protection controllers are already used wide- 
ly in the field of the electric power system, and are made 
highly functional by use of highly efficient microproces- 
sors and memories of large capacity, etc. in recent 
years. 



Definitely, there are a digital relay to judge system 
faults, a fault locator, a failure extension protection 
equipment, etc. The digital protection controllers de- 
scribed above are widely used in the operation of elec- 
5 trie power systems at present. 

Hereinafter, taking a digital relay as an example, a 
conventional technique will be described. FIGURE 44 
shows the construction of a basic digital relay The dig- 
ital relay is composed of an analog-to-digital conversion 
10 unit 1 0-1 , a digital processor 1 0-2, an input/output inter- 
face 10-3 with such external equipment as a breaker, 
etc. and a bus 10-5. Further these units 10-1 through 
10-3 are connected each other via bus 10-5. 

Analog-to-digital conversion unit 10-1 is composed 
^5 of analog filters 1-11 to 1-1 n, sampling hold circuits 1-21 
to 1 -2n, a multiplexer 1 -3 and an analog-to-digital con- 
verter 1-4. It takes status quantities of an electric power 
system that is an object of protection and control as n- 
pieces analog information A-1 to A-n and converts them 
20 Into digital quantities after having held at a specified 
sampling interval. 

On the other hand, digital processor 10-2 is com- 
posed of a CPU 2-1 , a RAM 2-2, a ROM 2-3 and a non- 
volatile memory EEPROM 2-4. The data of electrical 
25 quantities converted to digital data described above are 
transferred to RAM 2-2 successively, and according to 
this data, setting values of the protective relay stored in 
EEPROM 2-4 and programs from ROM 2-3, CPU 2-1 
performs various protection and control operations such 
30 as calculation relaying program. 

Next, input/output interface 10-3 is an Interface to 
perform by taking the state of external control equipment 
such as information on a circuit breaker, to output the 
operation of the protective relay, reset output, trip com- 
3S mand, etc. to external equipment. A definite example of 
the construction of the digital relay is as described 
above. 

In case of the digital relay, its principal duty is to pro^ 
tect an electric power system. The result of the proper 

40 protection by the digital relay is stored in RAM 2-2 as 
data (the operating state of the relay electrical quantity, 
other related Information) at the time when a trip com- 
mand is output to a circuit breaker from input/output in- 
terface 10-3, and generally confirmed by operator by 

45 reading these data. 

On the other hand, for labor saving in the operation 
and maintenance of digital protection controllers such 
as digital relays, it becomes possible to realize a remote 
operation monitoring system to monitor the operation 

50 and status of digital protection controllers remotely via 
a wide area transmission network in recent years. In this 
system, digital electrical quantities (current, voltage 
converted to digital data) input through an electric power 
system can be displayed at a remote location via a trans- 

55 mission system in addition to detailed information on the 
operation and state of digital protection controllers. 

A definite example of this system is disclosed in lit- 
eratures, for instance, (The 1 996 National Meeting of 
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The Institute of Electrical Engineers of Japan, Lectured 
Theses 1529 "Development of Digital Relay Remote 
Operation Monitoring System"). Examples of menu 
Items that are usable in the remote operation monitoring 
system are shown in FIGURE 40. 

As shown in this FIGURE 40, items required for the 
operation monitoring of the digital relay are all usable at 
a remote location. When this remote operation monitor- 
ing system is applied, it becomes now possible to dis- 
play and check the result of the operation of such pro- 
tection controllers as the digital relay on a display con- 
troller, such as a personal computer, in a remote attend- 
ance substation. 

It the present digital relay and remote operation 
monitoring system to monitor the operation of the digital 
relay: it a system fault occurs as described above, the 
contents of operation accumulated In the operated dig- 
ital relay (operated relay element, electrical quantity and 
other related information) are read out and checked at 
a remote location. 

So far, if a system fault occurs and one of digital 
relays installed at various locations is operated, in order 
to check if the relay operated properly, an operator goes 
to the location where that digital relay is installed and 
checks the contents of the operation. In particular, when 
it is estimated that the relay has not operated properly, 
it is necessary to check the contents of the operation of 
corresponding digital relay (including a controller not in 
operation) more in detail and much labor is needed. 

As it becomes no longer required to go to a substa- 
tion where a digital relay is installed if the remote oper- 
ation monitoring system described is applied, labor re- 
quired for the checking work when the controller is op- 
erated decreases. However, there are such problems 
as described below. 

First, the present remote operation monitoring sys- 
tem has item menus for every controller as shown in 
FIGURE 40. When operator checks the contents of the 
operation of a controller as shown above, out of the 
menu of operations, for instance, on the "Relay Opera- 
tion" screen, the relay operation when the controller is 
operating is checked to judge whether the proper relay 
element operated or an unnecessary relay element op- 
erated. On the "Electrical Quantity" screen, in what size 
and phase the system electrical quantity was when the 
controller operated, and the validity with the operating 
and non-operating state of relay element is judged. Fur- 
ther, on the "Related Information" screen, the input state 
of the controller when it was operating (for instance, a 
circuit breaker) and the state of the transmission system 
is checked and correlated with the relay operation. 

Thus, the state of an objective controller is checked 
through many steps. In this case, data requested from 
a personal computer and response data from a digital 
relay go back and forth alternately as shown in FIGURE 
45, and the communication route between the personal 
computer and the digital relay must be kept maintained 
for a long hour until a series of processes are completed. 



As a result, there is such a first problem that reliability 
may drop due to increase in the traffic on the communi- 
cation network and delay of communication and lost of 
communication packets resulting therefrom. 

s Further, in such the analyzing work when the con- 
troller is operated as described above, it is also required 
to collect the contents of operations of plural digital re- 
lays related to the system fault and compare them. By 
the comparison, normality or abnomnality of the control- 

10 ler operation can be known. For instance, if a system 
fault occurred in one of two parallel transmission lines, 
it becomes possible to judge whether the controllers 
were operated normally or not operated by checking and 
comparing the operational contents of at least 4 control- 

15 lets protecting both ends and respective lines of two 
transmission lines. 

However, in case of the remote operation monitor- 
ing system described above, as the connection of com- 
munication with an objective controller and the selection 

20 of the screens corresponding to men u items are needed 
for each controller and their operation becomes very 
complicated. Furthermore, although the display screen 
of related other controllers and items are displayed in- 
dependently lor each controller, they are not displayed 

2S as related controllers and items in the same screen, 
there is a second problem that operator is excessively 
burdened when the operator compares related items. 

In this case, it may be considered that the menus 
for plural controllers may be consolidated by the related 

30 same item. However, when it is desired to see different 
items for each controller, it becomes complicated in- 
versely: and further, the maintainability will become a 
problem when controllers are increased or modified. 
The more system faults are taken place in a wide range 

35 and are complicated, the more these problems come out 
remarkably. 

Further, the system fault types are generally always 
different. For instance, controllers that are operated 
change, whenever a fault occurs, depending on compo- 
se nent elements composing an electric power system, 
such as transmission line, bus, transformer, etc. and 
fault occurring place. In other words, operator must 
judge which digital relay should be checked for the con- 
tents of operation, whenever a system fault occurs, ac- 
45 cording to its fault aspect and perform the required work 
accordingly. Thus, there is a third problem that this will 
make the work complicated, and further, controllers that 
must be checked may be missed or conversely, control- 
lers that are not required for the checking are checked. 
so Further, there is a fourth problem as follows. In order 
to check the validity of the operation or non-operation 
of controllers when a system fault occurs, it is necessary 
for operator to know a general aspect of the fault (for 
instance, a single line earth fault, two line short-circuit 
55 fault, etc.) from voltage and current waveforms at the 
time of system fault obtained from an electric power sys- 
tem observation unit such as an oscillograph equip- 
ment, etc. installed independently from the digital relay. 
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It is further necessary for operator to make the overall 
analysis and judgment from the general aspect of the 
fault, the contents of operation of the digital relays and 
the state of the system Thus, much labor of operation 
is needed and operator may make a miss judgment de- 
pending on his ability. 

As a characteristic of a digital relay, there is an au- 
tomatic supervising function. The automatic supervising 
function is a monitoring function incorporated in the re- 
lay unit so that the system protection function, that is an 
obligation of a digital relay will work normally. Detailed 
contents are described, for instance, in the "Practical 
Reader for Digital Relay", p. 70 through 73. etc. edited 
and written by Izumi MITANI, published by Ohm Corpo- 
ration. 

In this respect, the automatic supervising described 
in this literature is roughly divided into the continuous 
monitoring and automatic checking. In the continuous 
monitoring, the monitoring function works at the period- 
ical fixed cycle. The automatic checking is to confirm its 
operation by starting the output circuit process, etc. that 
does not regularly work, at predetermined intervals (for 
example, once a week), as well to detect the failure to 
operate mode. 

By such an automatic supervising function, a failure 
of digital relays has been quickly detected. As a result, 
a probability to produce a non-correct operation like a 
failure to operate at occurrence of an electric power sys- 
tem fault or an unwanted operation at a tautt of out of 
the zone is lowered. From the above-mentioned back- 
ground, accompanied by the diffusion of digital relays, 
the importance of an automatic supervising function has 
been increased. 

On the other hand, for labor saving in the operation 
and maintenance of digital protection controllers such 
as digital relays, it becomes possible to realize a remote 
operation monitoring system to monitor the operation 
and status of digital protection controllers remotely via 
a wide area transmission network in recent years. In this 
system, digital electrical quantities (current, voltage 
converted to digital data) input through an electric power 
system can be displayed at a remote location via a trans- 
mission system in addition to detailed information on the 
operation and state of digital protection controllers. 

A definite example of this system is disclosed In lit- 
eratures, for instance, (The 1996 National Meeting of 
The Institute of Electrical Engineers of Japan, Lectured 
Theses 1529 "Development of Digital Relay Remote 
Operation Monitoring System"). Examples of menu 
items that are usable in the remote operation monitoring 
system are shown in FIGURE 40. 

As shown in this FIGURE 40, items required for the 
operation monitoring of the digital relay are all usable at 
a remote location. When this remote operation monitor- 
ing system is applied, it becomes now possible to dis- 
play and check the result of the automatic supervising 
carried out in the digital relay on a display controller, 
such as a personal computer, in a remote office. 



8 

In the present digital relay and remote operation 
monitoring system to monitor the operation of the digital 
relay, the automatic supervising is carried out in individ- 
ual digital relays as described above, resulting in the 

s state that its result can be remotely confirmed. 

On the one hand, in the operation and maintenance 
of digital type protection controllers including digital re- 
lays, the work called as a patrol has been carried out 
from conventionally. This is a work to individually con- 

10 firm the status of digital relays Installed in substations, 
etc. For instance, they are confirmed from the view- 
points of whether there is any relay element in the op- 
erating state, whether the automatic checking is con- 
ducted at precise cycle, whether there is other defective 

1^ display, and whether there is any difference in the states 
of a adjourning plurality of controllers, etc. Besides, in 
case a failure occurrence or an omen of failure occur- 
rence is recognized, the action to restore (for example, 
replacing the hardware, remodeling the software or 

20 changing the relay set value) is taken. 

This has been carried out to confirm the result of 
the above automatic supervising function. To supple- 
ment this, it has been carried out to discover the mode 
of the failure which can not be found by the automatic 

2S supervising (for example, failure of automatic supervis- 
ing function itself or partial failure that cannot be detect- 
ed in the automatic supervising function). 

Since such a work for a patrol like this is carried out 
by the work that operators go to a remote unmanned 

30 substation, and by confirming the display state and op- 
erating state of each digital relay judge and record, a 
large workload comes to be required. In the above re- 
mote operation monitoring system, due to the fact that 
operators do not go remotely, but the display of digital 

36 relays can be confirmed, it is possible to substitute a part 
of the work for a patrol by such system. However, there 
are problems as described below. 

First of all, there is each item menu per each con- 
troller as shown in FIGURE 40 in the present remote 

40 operation monitoring system. In case that the work cor- 
responding to the work for a patrol as described above 
is carried out, for instance: the automatic checking ex- 
ecuting number is confirmed in the "Automatic check- 
ing" picture, it is judged whether it is the correct number; 

45 it is judged whether the system electrical quantity is 
fetched as a correct value in the "Input electrical quan- 
tity" screen: it is confirmed whether each relay element 
operates unnecessary in the "Relay Operation" screen; 
and it is confirmed whether a failure is not detected by 

so the automatic supervising in the "Abnormal contents" 
screen. 

The state of the controller in object is confirmed by 
many procedures like this. In this case, it is necessary 
that the communication route between the personal 
55 computer and the digital relay is kept for a long time until 
a series of processing will end as shown in FIGURE 46. 
There is a first problem that the increase in the traffic on 
the communication network and the lowering in reliabil- 
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ity by the delay in communication and the loss of com- 
munication packets resulting therefrom. 

Furthermore, a plurality ot controllers are compared 
in the work for a patrol as described above, there is an 
advantage that an abnormality of a controller is aware 
relatively early. For instance, in case of two digital relays 
for protection of transmission line to receive electrical 
quantities from the same transmission line, the input 
electrical quantities fetched to the controllers are the 
same. The fact that these two quantities are different 
can be judged as a failure of the analog-digital conver- 
sion unit in FIGURE 44 or an omen that it reaches to the 
failure. 

Further, the automatic checking executing numbers 
are the same in 2 controllers whose automatic checking 
cycles are the same and which begin their operation at 
the same time. The fact that these numbers are different 
can be judged that there is any abnormality in the 
processing related to the automatic checking. There are 
many advantages to perform the comparison of states 
of a plurality of controllers. 

However, in case of the remote operation monitor- 
ing system described above, as the connection of com- 
munication with an objective controller and the selection 
of the items are needed for each controller and their op- 
eration becomes very complicated. Furthermore, al- 
though the display screen of related other controllers 
and items are displayed independently for each control- 
ler, they are not displayed as related controllers and 
items in the same screen, there is a second problem 
that operator is excessively burdened when the operator 
compares related items. 

It this case, it may be considered that the menus for 
plural controllers may be consolidated by the related 
same item. However, when it is desired to see different 
items for each controller, it becomes complicated In- 
versely, and further, the maintainability will become a 
problem when controllers are increased or modified. 

Further In recent years, there is a trend that func- 
tions to store in digital type protection controller are in- 
creased, and thereby protection controllers become 
complicated. An automatic supervising function Includ- 
ing a diagnostic function for specifying a fault part in- 
creases accompanied by this. Consequently, there is a 
third problem In economical efficiency that the quantity 
of automatic supervising software in the protection con- 
troller comes to be large, and memories required come 
to be large. 

Further, in case a change in the monitoring function 
is produced by the change In the operation of a controller 
(change in input quantity, addition of relay element, 
etc.). or in a case that a change is produced by the func- 
tional Improvement, in the conventtonal system, it is re- 
quired to change the contents of the ROf^ to store the 
program to realize a monitoring function and a diagnos- 
tic function. For this reason, there is a fourth problem 
that the controller is stopped and the availability thereof 
decreases. 



Further, there is a fifth problem that a great time is 
required, In the present situation, in the work that a fail- 
ure part is supposed and restored after the abnormal 
state ot a controller is found by an operator through a 
s patrol, and in the judgment that a time for a round of next 
inspection is determined from the history of the working 
results In the past, etc. 

In the conventional remote operation monitoring 
system to operate and monitor from far away a protac- 
10 tion controller like a digital relay, the protection controller 
is operated by the menu shown in FIGURE 40. The set- 
ting work to perform by the "Setting" menu in this menu 
is an important work to determine a sensitivity and a 
characteristic of the protection and control function, and 
IS It is necessary to set without errors all the setting values 
of relay elements which a protection controller has. 

In recent years, as the high functionality and multi 
functionality of protection controllers, the number of re- 
lay elements to be stored in a protection controller is in 
20 a trend of increase. Accompanied with this, the number 
of setting elements has been also increased. However, 
the change and/or confirmation method of setting values 
have been as conventional, and this state is shown in 
FIGURE 47. FIGURE 47 shows the data exchange be- 
25 tween the display controller and the digital relay in case 
setting is performed from the remote display controller 
by the remote operation monitoring system. 

First, a display control menu is selected after select- 
ing a substation and equipment according to a commu- 
te Plication menu within a remote operation menu and the 
communication line is connected. Then, after further se- 
lecting the setting, a setting element to be changed is 
selected, a numerical value to be changed is input and 
a writing request is submitted to an EEPROM in a pro- 
35 tectlon controller, and thereafter, an operatbn starting 
request is submitted. 

The above is described about the change of one 
setting element. In case of the change of plural setting 
elements, the above procedure is to be repeatedly made 
40 by the number of elements. Further, at this time, in case 
a state like abnormality of hardware in the controller or 
an operation of a relay, etc. is produced, since perform- 
ing the change in setting is apt to lead to an unwanted 
operation of a controller, it is generally suspended. In 
45 this case, it is necessary to perform the confirmation by 
the other menu Item in FIGURE 40, and this also in- 
creases the workload. 

The above is also similar in the case in which the 
setting work is performed by the panel for setting, etc. 
50 on the front of the digital relay without using a network. 
Thereupon, the setting work causes an increase in the 
workload and a human error accompanied with this, and 
there will be a first problem to drop both economical ef- 
ficiency and reliability. 
55 Further, the setting for controllers in subject is per- 
formed by many procedures like this. In case a remote 
operation system is used, as shown in FIGURE 47. a 
request data from a personal computer and a response 



6 



BNSDOCID: <EP 0853387A2J_> 



11 EP 0 853 367 A2 12 



data from a digital relay mutually come and go. It is nec- 
essary to maintain a communication route between the 
personal computer and the digital relay until a series of 
processing is completed. Accordingly, there will be a 
second problem that a drop of reliability is generated, 
because of increase In traffic on the communication net- 
work, and delay of communication and loss of commu- 
nication packets, etc. accompanied with it. 

Further, in many cases the change in setting ac- 
companies the change in condition of the electric power 
system in subject. In this case, the similar change in set- 
ting values is to be performed over plural protection con- 
trollers. Bui there will be a third problem that economical 
efficiency and reliability Is lowered by repeating the set- 
ting change procedure as described above similarly 
against each controller. 

Moreover, in case considering that setting values 
are changed in response to the change in the electric 
power system as described above, since the workload 
is much as described above there is a predetermined 
limit in the following time. The larger the range of the 
subject system is, the larger this delay becomes. Ac- 
cordingly, there will be a fourth problem that the protec- 
tion and control of the electric power system cannot sta- 
bly performed. 

SUMMARY OF THE INVENTION 

Accordingly, one object of this invention Is to pro- 
vide an electric power system protection and control 
system composed of a plurality of protection controllers 
and a display controller connected via a communication 
network which Is excellent in the operabillty, economical 
efficiency, maintainability and reliability, without increas- 
ing the load of the communication network, by utilizing 
the fact that the protection controllers are connected to 
the communication network and paying attention to the 
movement of a program module and the cooperation 
functions among protection controllers in the system. 

Another object of this invention is to provide an elec- 
tric power system protection and control system com- 
posed of a plurality of protection controllers and a dis- 
play controller connected via a communication network 
which is excellent in the operabillty, economical efficien- 
cy, maintainability and reliability, by eliminating the op- 
eration analyzing work which is conventionally per- 
formed and without increasing the load of the commu- 
nication network, by utilizing the fact that the protection 
controllers are connected to the communication network 
and paying attention to the movement of an operation 
analyzing program module. 

Still another object of this invention is to provide an 
electric power system protection and control system 
composed of a plurality of protection controllers and a 
display controller connected via a communication net- 
work which is excellent in the operabillty, economical ef- 
ficiency, maintainability and reliability, by eliminating the 
work for a patrol which is conventionally performed with- 



out increasing the load of the communication network, 
by utilizing the fact that the protection controllers are 
connected to the communication network and paying at- 
tention to the movement of a monitoring program mod- 
s ute and the cooperation functions among protection 
controllers in the system. 

Still a further object of this invention is to provide an 
electric power system protection and control system 
composed of a plurality of protection controllers and a 
10 display controller connected via a communication net- 
work which is excellent in the operabillty, economical ef- 
ficiency, maintainability and reliability, by eliminating the 
setting work which Is conventionally performed, extend- 
ing further the range of the setting function, optimizing 
IS the setting value and the protection and control charac- 
teristics quickly and anonymously corresponding to the 
change in the electric power system, without Increasing 
the load of the communication network, by utilizing the 
fact that the protection controllers are connected to the 
20 connmunication network and paying attention to the 
movement of a setting program module. 

One object of this invention is to provide a distrib- 
uted control system composed of a plurality of distribut- 
ed controllers and a display controller connected via a 
25 communication network which is excellent in the oper- 
abillty, economical efficiency, maintainability and relia- 
bility without increasing the load of the communication 
network, by utilizing the fact that the distributed control- 
lers are connected to the communication network and 
30 paying attention to the movement of a program module 
and the cooperation functions among distributed con- 
trollers In the system. 

Another object of this invention Is to provide a dis- 
tributed control system composed of a plurality of dis- 
35 tributed controllers and a display controller connected 
via a communication network which is excellent in the 
operabillty economical efficiency, maintainability and 
reliability, by eliminating the operation analyzing work 
which Is conventionally performed and without increas- 
40 ing the load of the communication network, by utilizing 
the fact that the distributed controllers are connected to 
the communication network and paying attention to the 
movement of an operation analyzing program module. 
Still another object of this invention is to provide a 
45 distributed control system composed of a plurality of dis- 
tributed controllers and a display controller connected 
via a communication network which Is excellent In the 
operabillty. economical efficiency, maintainability and 
reliability, by eliminating the work for a patrol which is 
so conventionally performed, without Increasing the load of 
the communication network, by utilizing the fact that the 
distributed controllers are connected to the communica- 
tion network and paying attention to the movement of a 
monitoring program module and the cooperatk>n func- 
55 tions among distributed controllers in the system. 

Still a further object of this invention Is to provide a 
distributed control system composed of a plurality of dis- 
tributed controllers and a display controller connected 
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via a communication networic whicli Is excellent in the 
operability, economical efficiency, maintainability and 
reliability, by eliminating the setting work which is con- 
ventionally performed, extending further the range of the 
setting function, optimizing the setting value and the dis- 
tributed control characteristics quickly and anonymous- 
ly corresponding to the change in the electric power sys- 
tem, without increasing the load of the communication 
network, by utilizing the fact that the distributed control- 
lers are connected to the communication network and 
paying attention to the movement of a setting program 
module. 

These and other objects of this invention can be 
achieved by providing a monitor and control system, in- 
cluding a plurality of processing units, each for monitor- 
ing or controlling an equipment by inputting a status 
quantity of the equipment, and a display controller con- 
nected to each of the processing units via a communi- 
cation network, for displaying and controlling an opera- 
tion and status of each of the processing units for mon- 
itoring. The display controller is provided with program 
module sending unit for sending out a program module 
corresponding to contents for display control in the dis- 
play controller to each of the processing units via the 
communication network, each of the processing units is 
provided with, a program module receiving unit for re- 
ceiving the program module from the display controller 
or another one of the processing units, an executing unit 
for executing the received program module, and a trans- 
fer unit for transferring an execution result by the exe- 
cution unit or the program module stored in the process- 
ing unit to the display controller or another one of the 
processing units via the communication network. 

According to one aspect of this invention, there is 
provided an electric power system protection and con- 
trol system, including a plurality of protection controllers, 
each for executing protection and control of an electric 
power system by inputting a status quantity of the elec- 
tric power system and for converting the status quantity 
into digital data, and a display controller connected to 
each of the protection controllers via a communication 
network, for displaying and controlling an operation and 
status of each of the protection controllers for monitor- 
ing. The display controller is provided with program 
module sending unit for sending out a program module 
corresponding to contents for display control in the dis- 
play controller to one of the protection controllers via the 
communication network, respectively. Each of the pro- 
tection controllers is provided with, a program module 
receiving unit for receiving the program module from the 
display controller or another one of the protection con- 
trollers via the communication network, an execution 
unit for executing the received program module, and a 
transfer unit for transferring an execution result by the 
execution unit or the program module stored in the pro- 
tection controller to the display controller or another one 
of the protection controllers via the communication net- 
work. 



According to another aspect of this invention, there 
is provided an electric power system protection and con- 
trol system, including a plurality of protection controllers, 
each for executing protection and control of an electric 
s power system by inputting a status quantity of the elec- 
tric power system and for converting the status quantity 
into digital data, and a display controller connected to 
each of the protection controllers via a communication 
network, for displaying and controlling an operation and 
10 status of each of the protection controllers for monitor- 
ing. The display controller is provided with operation an- 
alyzing program module sending unit for sending out an 
operation analyzing program module for analyzing an 
operation of one of the protection controllers to one of 
IS the protection controllers via the communication net- 
work, respectively. Each of the protection controllers is 
provided with, an operation analyzing program module 
receiving unit tor receiving the operation analyzing pro- 
gram nrxxJule from the display controller or another one 
20 of the protection controllers via the communication net- 
work, a knowledge adding unit for executing the re- 
ceived operation analyzing program module and for giv- 
ing an execution result as a knowledge of the operation 
analyzing program module, and a sending unit for send- 
2S ing the operation analyzing program module after added 
with the knowledge to the display controller or another 
one of the protection controllers via the communication 
network. The display controller is further provided with, 
a receiving unit for receiving the operation analyzing 
30 program module after added with the knowledge sent 
from one of the protection controllers, and a display unit 
for displaying a received result in the receiving unit. 

According to another aspect of this invention, there 
is provided an electric power system protection andcon- 
35 trol system, including a plurality of protection controllers, 
each for executing protection and control of an electric 
power system by inputting a status quantity of the elec- 
tric power system and for converting the status quantity 
into digital data, and a display controller connected to 
40 each of the protection controllers via a communication 
network, for displaying and controlling an operation and 
status of each of the protectbn controllers for monitor- 
ing, the display controller is provided with monitoring 
program module sending unit for sending out a monitor- 
's ing program module for monitoring a status of one of the 
protection controllers to one of the protection controllers 
via the communication network, respectively, each of 
the protection controllers is provided with a monitoring 
program module receiving unit for receiving the moni- 
sm toring program module from the display controller or an- 
other one of the protection controllers via the communi- 
cation network, a knowledge adding unit for executing 
the received monitoring program module and for giving 
an execution result as a knowledge of the monitoring 
55 program module, and a sending unit for sending the 
monitoring program module after added with the knowl- 
edge to the display controller or another one of the pro- 
tection controllers via the communication network. The 
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display controller Is further provided with a receiving unit 
for receiving the monitoring program module after add- 
ed with the knowledge sent from one of the protection 
controllers, and a display unit for displaying a received 
result in the receiving unit. 

According to another aspect of this invention, there 
is provided an electric power system protection and con- 
trol system, including a plurality of protection controllers, 
each for executing protection and control of an electric 
power system by inputting a status quantity of the elec- 
tric power system and for converting the status quantity 
into digital data, and a display controller connected to 
each of the protection controllers via a communication 
network, for displaying and controlling an operation and 
status of each of the protection controllers for monitor- 
ing. The display controller is provided with a setting pro- 
gram module sending unit for sending out a setting pro- 
gram module for setting for one of the protection con- 
trollers to one of the protection controllers via the com- 
munication network, respectively Each of the protection 
controllers is provided with a setting program module 
receiving unit for receiving the setting program module 
from the display controller or another one of the protec- 
tion controllers via the communication network, a knowl- 
edge adding unit for executing the received setting pro- 
gram module and for giving an execution result as a 
knowledge of the setting program module, and a send- 
ing unit for sending the setting program module after 
added with the knowledge to the display controller or 
another one of the protection controllers via the commu- 
nication network. The display controller is further pro- 
vided with, a receiving unit for receiving the setting pro- 
gram module after added with the knowledge sent from 
one of the protection controllers, and a display unit for 
displaying a received result in the receiving unit. 

According to still another aspect of this Invention, 
there is provided a distributed control system, including 
a plurality of distributed controllers, each tor controlling 
an equipment to be controlled by inputting a status 
quantity of the equipment and for converting the status 
quantity into digital data and a display controller con- 
nected to each o1 the distributed controllers via a com- 
munication network, for displaying and controlling an 
operation and status of each of the distributed control- 
lers for monitoring. The display controller is provided 
with a program module sending unit for sending out a 
program module corresponding to contents for display 
control in the display controller to one of the distributed 
controllers via the communication network, respectively. 
Each of the distributed controllers being provided with, 
a program module receiving unit for receiving the pro- 
gram module from the display controller or another one 
of the distributed controllers via the communication net- 
work: an execution unit for executing the received pro- 
gram module, and a transfer unit for transferring an ex- 
ecution result by the execution unit or the program mod- 
ule stored in the distributed controller to the display con- 
troller or another one of the distributed controllers via 



the communication network. 

According to another aspect of this invention, there 
Is provided a monitor and control device, including a plu- 
rality of processing units, each for monitoring orcontrol- 

s ling an equipment by inputting a status quantity of the 
equipment; and a display controller connected to each 
of the processing units via a communication network, 
for displaying and controlling an operation and status of 
each of the processing units for monitoring. The display 

10 controller is provided with a program module sending 
unit for sending out a program module corresponding to 
contents for display control in the display controller to 
each of the processing units via the communication net- 
work. Each of the processing units is provided with, a 

IS program module receiving unit for receiving the program 
module from the display controller or another one of the 
processing units, an executing unit for executing the re- 
ceived program module, and a transfer unit for transfer- 
ring an execution result by the execution unit or the pro- 

20 gram module stored in the processing unit to the display 
controller or another one of the processing units via the 
communication network. 

According to another aspect of this invention, there 
is provided an electric power system protection andcon- 

2S trol device, including a plurality of protection controllers, 
each for executing protection and control of an electric 
power system by inputting a status quantity of the elec- 
tric power system and for converting the status quantity 
into digital data, and a display controller connected to 

30 each of the protection controllers via a communication 
network, for displaying and controlling an operation and 
status of each of the protectbn controllers for monitor- 
ing. The display controller is provided with a program 
module sending unit for sending out a program module 

35 corresponding to contents for display control in the dis- 
play controller to one of the protection controllers via the 
communication network, respectively. Each of the pro- 
tection controllers is provided with, a program module 
receiving unit for receiving the program module from the 

40 display controller or another one of the protection con- 
trollers via the communication network, an execution 
unit for executing the received program module, and a 
transfer unit for transferring an execution result by the 
execution unit or the program module stored in the pro- 

45 tection controller to the display controller or another one 
of the protection controllers via the communication net- 
work. 

According to still another aspect of this invention, 
there is provkied a program storing medium readable 

so by a computer, tangibly embodying a program of instruc- 
tions executable by the computer to perform method 
steps for a monitor and control system, including a plu- 
rality of processing units, each for monitoring or control- 
ling an equipment by inputting a status quantity of the 

ss equipment, and a display controller connected to each 
of the processing units via a communication network, 
for displaying and controlling an operation and status of 
each of the processing units for monitoring, the method 
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includes the steps o1, program module sending step for 
sending out a program module corresponding to' con- 
tents for display control in the display controller to each 
of the processing units via the communication network, 
at the display controller, program module receiving step 
for receiving the program module from the display con- 
troller or another one of the processing units, at each of 
the processing units, executing step for executing the 
received program module, at each of the processing 
units, and transfer step for transferring an execution re- 
sult by the execution step or the program module stored 
in the processing unit to the display controller or another 
one of the processing units via the communication net- 
work, at each of the processing units, 

According to another aspect of this invention, there 
is provided a program storing medium readable by a 
computer, tangibly embodying a program of instructions 
executable by the computer to perform method steps for 
an electric power system protection and control system 
including, a plurality of protection controllers, each for 
executing protection and control of an electric power 
system by inputting a status quantity of the electric pow- 
er system and for converting the status quantity into dig- 
ital data, and a display controller connected to each of 
the protection controllers via a communication network, 
for displaying and controlling an operation and status of 
each of the protection controllers for monitoring. The 
methods includes the steps of, program module sending 
step for sending out a program module corresponding 
to contents for display control in the display controller to 
one of the protection controllers via the communication 
network, respectively, at the display controller, program 
module receiving step for receiving the program module 
from the display controller or another one of the protec- 
tion controllers via the communicatbn network at each 
of the protection controllers, execution step for execut- 
ing the received program module at each of the protec- 
tion controllers, and transfer step for transferring an ex- 
ecution result by the execution step or the program mod- 
ule stored in the protection controller to the display con- 
troller or another one of the protection controllers via the 
communicatbn network at each of the protection con- 
trollers. 

According to another aspect of this invention, there 
is provided a program storing medium readable by a 
computer, tangibly embodying a program of instructions 
executable by the computer to perform method steps for 
a distributed control system including, a plurality of dis- 
tributed controllers, each for controlling an equipment to 
be controlled by inputting a status quantity of the equip- 
ment and for converting the status quantity into digital 
data, and a display controller connected to each of the 
distributed controllers via a communication network, for 
displaying and controlling an operation and status of 
each of the distributed controllers for monitoring. The 
methods includes the steps of, program module sending 
step for sending out a program module corresponding 
to contents for display control in the display controller to 



one of the distributed controllers via the communication 
network, respectively, at the display controller, program 
module receiving step for receiving the program module 
from the display controller or another one of the distrib- 

s uted controllers via the communication network at each 
of the distributed controllers, execution step for execut- 
ing the received program module at each of the distrib- 
uted controllers, and transfer step for transferring an ex- 
ecution result by the execution step or the program mod- 

10 ule stored in the distributed controller to the display con- 
troller or another one of the distributed controllers via 
the communication network at each of the distributed 
controllers. 



A more complete appreciation of the invention and 
many of the attendant advantages thereof will be readily 
obtained as the same becomes better understood by 
reference to the following detailed description when 
considered in connection with the accompanying draw- 
ings, wherein: 

FIGURE 1 is a diagram showing the construction of 
an electric power system protection and control sys- 
tem according to a first embodiment of this inven- 
tion; 

FIGURE 2 is a diagram showing the correspond- 
ence between screen display menu and program 
modules In the first embodiment; 
FIGURE 3 Is a diagram for explaining an action of 
the first embodiment; 

FIGURE 4 is a diagram showing an example of the 
definite construction of the first embodiment; 
FIGURE 5 is a flowchart showing the processing 
contents of the first embodiment; 
FIGURE 6 is a diagram showing the construction of 
an electric power system protection and control sys- 
tem according to a second embodiment of this in- 
vention; 

FIGURE 7 is a diagram for explaining an action of 
the second embodiment; 

FIGURE 8 is a diagram for explaining an action of 
the second embodiment; 

FIGURE 9 is a diagram showing the construction of 
a part of an electric power system protection and 
control system according to a third embodiment of 
this invention; 

FIGURE 1 0 is a diagram showing an example of an 
electric power system to which the third embodi- 
ment is applied; 

FIGURE 11 is a diagram for explaining an action of 
the third embodiment; 

FIGURE 12 is a diagram for explaining an action of 
the third embodiment; 

FIGURE 1 3 is a diagram showing the construction 
of an electric power system protection and control 
system according to a fourth embodiment of this in- 
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vention; 

FIGURE 14 is a diagram for explaining an action of 
the fourth embodiment; 

FIGURE 15 is a diagram showing the construction 
of an electric power system protection and control s 
system according to a fifth embodiment of this in- 
vention; 

FIGURE 16 is a diagram for explaining an action of 
the fi:th embodiment; 

FIGURE 17 is a diagram showing the construction io 
of an electric power system protection and control 
system according to a sixth embodiment of this In- 
vention; 

FIGURE 18 is a flowchart showing the processing 
contents of the sixth embodiment; 
FIGURE 19 is a diagram showing the construction 
of a part of an electric power system protection and 
control system according to a seventh embodiment 
of this invention; 

FIGURE 20 is a flowchart showing the processing 
contents of the seventh embodiment; 
FIGURE 21 is a diagram for explaining an action of 
the seventh embodiment; 

FIGURE 22 Is a diagram showing the construction 
of an electric power system protection and control 2S 
system according to an eighth embodiment of this 
invention; 

FIGURE 23 is a flowchart showing the processing 
contents of the eighth embodiment; 
FIGURE 24 is a diagram for explaining an action of 30 
the eighth embodiment; 

FIGURE 25 is a diagram showing the construction 
of an electric power system protection and control 
system according to a ninth embodiment of this in- 
vention; 35 
FIGURE 26 is a diagram showing the construction 
of an electric power system protection and control 
system according to a tenth embodiment of this in- 
vention; 

FIGURE 27 is a diagram showing the construction 40 
of a part of an electric power system protection and 
control system according to an eleventh embodi- 
ment of this invention; 

FIGURE 28 is a diagram for explaining an action of 
the eleventh embodiment; 4S 
FIGURE 29 is a diagram showing the construction 
of an electric power system protection and control 
system according to a twelfth embodiment of this 
Invention; 

FIGURE 30 is a diagram for explaining an action of so 
the twelfth embodiment; 

FIGURE 31 is a diagram for explaining an action of 
the twelfth embodiment; 

FIGURE 32 is a diagram showing the construction 
of a part of an electric power system protection and 55 
control system according to a thirteenth embodi- 
ment of this invention; 

FIGURE 33 is a diagram for explaining the concept 



of an adaptive relay; 

Figure 34 is a diagram for explaining an action of 
the adaptive relay; 

FIGURE 35 is a diagram for explaining an action of 
the thirteenth embodiment; 
FIGURE 36 is a diagram showing the construction 
of an electric power system protection and control 
system according to a fourteenth embodiment of 
this invention; 

FIGURE 37 is a diagram for explaining an action of 

the fourteenth embodiment; 

FIGURE 38 is a diagram for explaining an action of 

the fourteenth embodiment; 

FIGURE 39 Is a diagram for explaining an action of 

the fourteenth embodiment; 

FIGURE 40 is a diagram showing one example of 

a remote control system menu; 

FIGURE 41 is a diagram for explaining an action of 

a conventional electric power system protection 

and control system; 

FIGURE 42 Is a diagram showing the construction 
of an example of a conventional electric power sys- 
tem protection and control system; 
FIGURE 43 is a diagram showing the construction 
of another example of a conventional electric power 
system protection and control system. 
FIGURE 44 Is a diagram showing the construction 
of one example of a conventional digital relay-; 
FIGURE 45 is a diagram for explaining an action of 
another conventional electric power system protec- 
tion and control system; 

FIGURE 46 is a diagram for explaining an action of 
another conventional electric power system protec- 
tion and control system; and 
FIGURE 47 is a diagram for explaining an action of 
another conventional electric power system protec- 
tion and control system. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings, wherein like refer- 
ence numerals designate identical or corresponding 
parts throughout the several views, the embodiments of 
this invention will be described below. 

FIGURE 1 Is a diagram showing the construction of 
an electric power system protection and control system 
according to a first embodiment of this invention. In FIG- 
URE 1 , 1 0 is a digital protection controller to perform the 
protection and control of an electric power system 1 by 
inputting a status quantity S1 from electric power system 
1 that is a subject to the protection and control and out- 
putting a protection and control output C1 to electric 
power system 1 , and it is composed of a program mod- 
ule receiving means lla, an execution means 1 2a and 
an execution result and program module returning/ 
transferring means 13a 

Further, a display controller 20 remotely controls 
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plural protection controllers including digital protection 
controller 1 0 and an another digital protection controller 
40 in the same construction via a communication net- 
work 30, and it has a program module sending means 
21a. 

As the operations of this embodiment, a program 
module corresponding to the contents of the display on 
display controller 20 is first sent out by program module 
sending means 21 In display controller 20 via commu- 
nication network 30. For instance, program modules 
corresponding to items of the remote operation menu 
shown in FIGURE 1 8 are sent out as shown in FIGURE 
2. 

Here, a program module is composed of a combi- 
nation of data and the description of steps to process 
them. For instance, in case of the setting menu de- 
scribed above, data are setting values corresponding to 
protection controllers and procedural steps can be said 
to be those procedural steps until these setting values 
are stored in a specified memory in protection controller. 

The program module sent out is received by pro- 
gram module receiving means 11 in digital protection 
controller 1 0 via communication network 30 and execut- 
ed by execution means 12. The flow of the sending, re- 
ceiving and execution processes of the program module 
in this case are summarized as shown in FIGURE 3. 

The setting program module sent from the display 
controller Is composed of set value data to be set and 
procedural steps (for Instance. In which memory the set- 
ting values are to be stored, to which process resident 
in the protection controller is to be requested). As a re- 
sult, the detailed process relative to the setting process 
is executed in the protection controller. That is, the proc- 
esses are executed for such hardware resources as 
RAM, EEPROM (new). EEPROM (former) In the protec- 
tion controller 

These processes are carried out so far between the 
display controller and the protection controllers as 
shown in FIGURE 1 9. In this embodiment, as the setting 
program module incorporating these processes is 
moved to the protection controller side and executed 
therein, the traffic on the communication network Is re- 
duced when compared with the prior art. Further the op- 
erator is required only to give new setting values to the 
display controller Accordingly, such the operation as 
before to send requests to the protection controllers will 
not be required for operator 

After the program module Is executed by execution 
means 1 2a, this execution result or the program module 
is processed by execution result and program module 
returning/transferring means (hereinafter referred to as 
returning/transferring means) 1 3a. For Instance, In case 
of the setting program module described above, wheth- 
er the set result is satisfactory or the set value Is not 
within the specified range and not proper is returned to 
display controller 20 via communication network 30. 

Further, it Is also considered that the setting job Is 
carried out in the same contents for plural protection 



controllers. In this case, the setting program module is 
transferred toother protection controller 40 using return- 
ing/transferring means 13. In protection controller 40, 
same means 41 a, 42a and 43a as protection controller 

5 10 are provided and the setting program module is re- 
ceived by a program module receiving means 41a, ex- 
ecuted by an execution means 42a in the same manner 
as described above, and the execution result Is returned 
to display controller 20 or the setting program module is 

10 transferred to other protection controller by returning/ 
transferring means 43a, and processed similarly. 

A definite example of the present embodiment is 
shown In FIGURE 4. Digital protection controller 10 is 
composed of an analog/digital conversion unit 10-1, a 

?5 digital processing unit 10-2, an input/output interface 
10-3 with external equipments such as a circuit breaker, 
etc., a communication interface 10-4 to interface com- 
munication network 30 and this protection controller 10 
and a bus 10-5. Further, all the units 10-1 through 10-4 

20 are mutually connected through bus 10-5. 

Analog/digital conversion unit 10-1 is composed of 
an analog filter, a sampling hold circuity a multiplexer, an 
analog-to-digital converter, etc. and taking the status 
quantities (for instance, current, voltage) of an electric 

25 power system that is subject to the protection and con- 
trol as an analog information and after holding at a spec- 
ified sampling interval, they are converted Into digital 
quantities. 

On the other hand, digital processing unit 10-2 is 

30 composed of a CPU 2-1 , RAM 2-2. ROM 2-3 and non- 
volatile memory EEPROM 2-4. The digital converted 
quantities of electrical quantity data are transferred to 
RAM 2-2 sequentially. By these data, set values of pro- 
tective relays stored in EEPROM 2-4 and programsf rom 

3S RAM 2-2 and ROM 2-3, CPU 2-1 performs various pro- 
tection and control operations. 

Here, the present invention differs from a conven- 
tional protection controller in that a part of program is 
sent to RAM 2-2 through communication network 30 and 

40 processed as a program in digital processing unit 10-2. 
The present invention features that the program mod- 
ules Is sent to RAM 2-2 via communication network 30 
and transferred to a RAM of another protection control- 
ler while in the conventional protection controller, pro- 

45 grams are fixedly written in ROM 2-3. This digital proc- 
essor 10-2 composes execution means 12, and a part 
of receiving means 11 and returning/transferring means 
13. 

Next, input/output interface 10-3 is an interface to 
50 take the state of external control equipment such as in- 
formation on a breaker and to output protection relay 
operation, reset output, trip command, etc. to external 
equipment. Further, communication interface 10-4 is 
one of the features of this invention and connects an 
55 ethemet LAN with protection controller 10, as shown in 
FIGURE 4. Part of program module receiving means 11 
and returnlng/tiransferring means 13 is realized by this 
communication Interface 10-4. 
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That is, the program module from communication 
network 30 is received liere and transferred to RAM 2-2. 
Tlie program module executed in digital processing unit 
10-2 is sent to communication network 30 via this com- 
munication Interface 10-4 and transferred to display 5 
controller 20 or another protection controller. A definite 
example of the construction of the electric power system 
protection and control system is as described above. 

Further, as an example of a communication network 
30, it is composed of a network connecting protection 
controllers in a local range such as substation by an eth- 
ernet LAN, a network connecting personal computers 
and work stations in office and a wide area network con- 
necting both the networks in a wide area, as shown in 
FIGURE 4. 

The construction of an ethemet LAN is general and 
the explanation will be omitted here. Further, as a wide 
area network, switching networks such as telephone cir- 
cuits are used. Display controller 20 described above is 
achieved by a personal computer shown in FIGURE 4. 
Program module sending means 21 is achieved by a 
software in the personal computer and an interface cir- 
cuit of an ethemet LAN. 

Next, the details of actions of the present embodi- 
ment will be described using the flowchart shown in FIG- 
URE 5. First, the flowchart of the personal computer 
(display controller 20) side will be described. The remote 
operation menu described above is displayed on the dis- 
play of the personal computer, and an operator selects 
an item In the remote operation menu in Step S1 -1a. For 
instance, when the setting job is selected, a setting pro- 
gram module is read out in Step SI -2a. 

In Step S1-3a, operator gives such data as a name 
of equipment of which setting is to be changed, a name 
of setting element to be changed, a set value, etc. to this 
setting program module. In Step S1-4a, these data are 
stored in the setting program module and the setting 
program module is sent out to communication network 
30. The details of program sending means 21 are as 
described above. 

Then, protection controller 10 receives the setting 
program module in Step S2-1a and stores in RAM 2-2. 
This operation is equivalent to program module receiv- 
ing means 1 1 a. In Step S2-2a, this setting program mod- 
ule writes setting values in RAM, EEPROM (new) and 
EEPROM (former) in order while checking them as de- 
scribed above. This operation is equivalent to execution 
means 1 2a. 

So far, data receiving and request between the set- 
ting process and EEPROM and RAM are made via com- 
munication network 30 each time, but are all completed 
in protection controller 10 in this invention. Then, the ex- 
ecution result is judged in Step S2-3a. If it is defective 
(for instance, the writing into EEPROM and RAM is in- 
complete and specified values are not written), the set- 
ting is again needed and the defective result and the 
program module are returned to display controller 20 in 
Step S2-4a. 



When the execution result is satisfactory and the 
setting to other controller is not needed in Step S2-5a. 
the completion result and the program module are sim- 
ilarly returned to display controller 20 in Step S2-6a. Fur- 
ther, if the setting to other controller is needed, a name 
of other controller described in the setting program mod- 
ule is read in Step S2-7a and the setting program mod- 
ule is sent out with that equipment as a destination. The 
operations from Steps S2-3a through S2-7a are equiv- 
alent to returningAransferring means 13a. 

According to the above embodiment, as a program 
module itself corresponding to jobs that are performed 
by operator are sent to the protection controller from the 
display controller via the communication network for ex- 
ecution in the protection controller, it becomes possible 
to reduce the traffic on the communication network and 
improve the reliability. Further, as such works as oper- 
ations corresponding to various requests and the same 
work required for plural controllers are no longer re- 
quired as before, it becomes possible to reduce work- 
load of the operator and provide a highly economical 
and reliable electric power system protection and con- 
trol system. 

Further, this invention is not limited to an electric 
power system only. But this invention is also applicable 
to a distributed control system composed of plural dis- 
tributed controllers to control equipments to be control- 
led by taking status quantities therefrom and a display 
controller connected to these distributed controllers via 
a communication network to display and control for 
monitoring the operations and status of distributed con- 
trollers (or a program storage unit to store program mod- 
ule that is capable of operating on the distributed con- 
trollers). In this case, in the embodiments described 
above, the protection controllers should be read as the 
distributed controllers. 

FIGURE 6 is a block diagram showing the construc- 
tion of an electric power system protection and control 
system according to a second embodiment of this in- 
vention. 

In FIGURE 6, 10 is digital protection controller to 
carry out the protection and control of electric power sys- 
tem 1 by inputting status quantity SI from electric power 
system 1 that is a subject to the protection and control 
and outputting protection and control output C1 to elec- 
tric power system 1 . It is composed of an operation an- 
alyzing program module receiving means llb, a knowl- 
edge adding means 12b and a sending means 13b. 

Further, display controller 20 performs the remote 
operation of plural controllers including digital protection 
controller 10 and other controller 40 in the same con- 
struction via communication network 30, and 11 has an 
operation analyzing program module sending means 
21 b, receiving means 22b and display means 23b. 

As its operations, display controller 20 first sends 
out an operation analyzing program module 50b by op- 
eration analyzing program nrvDdule sending means 21b 
via communication network 30. Operation analyzing 
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program module 50b in this embodiment is a program 
module having a function to perform the (collection of 
operating information) equivalent to checking of the con- 
troller operation. The description of data and their 
processing steps Is unified in the program module. 

For instance, the following items are achieved as 
functions: 

1 . Obtain the relay operating status when the con- 
trollers are in operation. 

2. Obtain electrical quantity when the controllers are 
in operation. 

3. Obtain related information (input state, transmis- 
sion system state) when the controllers are in oper- 
ation. 

Data and steps for achieving the above functions 
will be as follows: 

Data: 

A moving route for moving plural related protection 
controllers. 

Steps: 

1 . Obtain the relay operating state when the con- 
trollers are in operation. 

2. Obtain electrical quantity when the controllers are 

in operation. 

3. Obtain related information (input state, transmis- 
sion system state) when the controllers are in oper- 
ation. 

Operation analyzing program module 50b in the 
construction as shown above and sent out is received 
by operation analyzing program module receiving 
means lib in digital protection controller 10 via commu- 
nication network 30. Thereafter, it is put in knowledge 
adding means 12b, where this program module 50 is 
executed. Definitely, the procedural processing of oper- 
ation analyzing program module 50b is executed. 

That is, relay operation data, electrical quantity data 
and related information data stored in RAM when the 
protection controllers are in operation are added as a 
knowledge to operation analyzing program module 50b. 
Definitely, they are added as one of data of this program 
module 50b. Thus, this operation analyzing program 
module 50b is moved to each protection controller and 
is executed at the moved destination, and the obtained 
result is added to operation analyzing program module 
50b as the knowledge successively. 

This state is shown in FIGURE 7. As shown in FIG- 
URE 7, the operation analyzing program module moved 
into the protection controller is processed with RAM 
storing the operating information in the protection con- 
troller. Operator is required only to give a moving route 
to the operation analyzing program module on the dis- 



play controller Accordingly, requesting data and re- 
sponse data do not go back and forth com p Heatedly on 
the communication network as shown in FIGURE 45. 
The operation analyzing program module executed 
s and added with the knowledge as described above is 
returned to display controller 20 or transferred to other 
protectbn controller 40 by sending means 1 3b via com- 
munication network 30. Here, whether the program 
module is to be returned to display controller 20 or trans- 
ferred to protectbn controller 40 is determined accord- 
ing to the data that designated the moving route. This 
moving route data is judged by operator from the system 
execution aspect and given to the operation analyzing 
program module. 

There is such a merit that when the operation ana- 
lyzing program module Is transferred to other protection 
controllers and its execution at all controllers that are 
objects forthe operation analysis is completed. Then the 
operation analyzing program module is finally returned, 
operator is required to confirm it on the display only one 
time. In protection controller 40, it is provided with the 
similar means such as protection controller 10; that is, 
an operation analyzing program module receiving 
means 41b, a knowledge adding means 42b and a 
sending means 43b are provided, and the operation an- 
alyzing program module is first received by operation 
analyzing program module receiving means 41 b, exe- 
cuted in knowledge adding means 42b in the same man- 
ner as described above and added with knowledge, and 
its execution result and the program module are re- 
turned to display controller 20 or further transferred to 
other protection controller by sending means 43b, and 
processed in the same manner. 

Tne operation analyzing program module trans- 
ferred or returned as described above is received and 
displayed by receiving means 22b and display means 
23b of display controller 20. Contents (for instance, relay 
operation, electrical quantity, etc.) added by each of the 
protectbn controllers as the knowledge of the operation 
analyzing program module are displayed in a form of a 
table in display controller 20. 

This state is shown in FIGURE 8. FIGURE 8 shows 
data collected by the operation analyzing program mod- 
ule moved to two transverse differential protection re- 
lays installed at both ends of resistance grounded neu- 
tral system parallel two circuit transmission lines when 
they are operated by a system fault (a single line earth- 
fault of No. 1 line) in a form for easy to understand by 
operator. In a conventbnal system, data are displayed 
on the screen by each controller and each item, and the 
checking work was complicated. Here, the relays (two 
relay elements of 1 50G and 64 were operated) that were 
operated In both controllers (controllers 10 and 40), 
electrical quantities (RMS value and phase) and related 
information are shown in a table. 

A definite example of construction of this embodi- 
ment is shown in FIGURE 4. Digital protection controller 
10 is composed of analog-to-digital conversion unit 
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10-1, digital processor 10-2. input/output Interface 10-3 
with external equipments such as a circuit beaker, etc. 
communication interface 10-4 to interface communica- 
tion network 30 with this protection controller 10. and 
bus 10-5. 

All units of 1 0-1 through 1 0-4 are connected to each 
other via bus 10-5, Here, the component elements other 
than communication interface 10-4 are the same as 
those described for prior art as shown in FIGURE 44. 
This invention differs from a conventional protection 
controller in that a part of program modules (the opera- 
tion analyzing program module in this embodiment) is 
sent to RAM 2-2 via communication Interface 10-4 from 
commun Ication n etwork 30 and processed as a program 
in digital processor 10-2. 

The present invention features that the operation 
analyzing program modules is sent to RAM 2-2 via com- 
munication network 30 and transferred to a RAM of an- 
other protection controller, while in the conventional pro- 
tection controller, programs are fixedly written in ROM 
2-3. This digital processor 10-2 composes knowledge 
adding means 12b, and a part of receiving means lib 
and sending means 1 3b. 

Further, communication interface 10-4 is one of the 
features of this invention, and for instance, it connects 
an ethernet LAN with protection controller 10 as shown 
in this FIGURE 4. Operation analyzing program module 
receiving means lib and sending means 1 3b are partially 
achieved by this communication interface 10-4. 

That is, the program module from communication 
network 30 is received here and transferred to RAM 2-2. 
The program module executed in digital processing unit 
10-2 is sent to communication network 30 via this com- 
munication interface 10-4 and transferred to display 
controller 20 or another protection controller. A definite 
embodiment of the construction of the electric power 
system protection and control system is as described 
above. 

Further, as an example of a communication network 
30, it is composed of a network connecting protection 
controllers in a local range such as substation by an eth- 
ernet LAN, a network connecting personal computers 
and work stations in office and a wide area network con- 
necting both the networks in a wide area, as shown in 
FIGURE 4. 

Further, the construction of the ethernet LAN is gen- 
erally known and its explanation will be omitted. 

Further, as a wide area network, switching networks 
such as telephone circuits are used. Display controller 
20 described above is achieved by a personal computer 
shown in FIGURE 4. Operation analyzing program mod- 
ule sending means 21b Is achieved by a software In the 
personal computer and an interface circuit of an ether- 
net LAN. 

According to this embodiment, as the operation an- 
alyzing work (in this embodiment, the collection of the 
operation information of controllers) so far performed by 
operator of protection controllers in changed so that it 



can be executed by the operation analyzing program 
module for operator. Accordingly, it is not required for a 
person to go to each substation for collecting the oper- 
ating information of the protection controllers when a 

s system fault occurs, and thus, it becomes possible to 
sharply reduce labor. 

Further, the system has such a mechanism that the 
data obtained in connection with the controller operation 
can be added in the operation analyzing program mod- 

10 ule. As a result, it becomes possible for remote operator 
to easily get details of the operating contents of all con- 
trollers relative to system faults and to confirm them. 
Thus the operability of the system can be promoted. 
Further, as the operation analyzing program mod- 
's ule itself corresponding to the operation analyzing work 
that is so far performed by operator of the protection 
controllers is sent to the protection controller from the 
display controller via the communication network and is 
executed in the protection controller, the communication 

20 procedure shown in FIGURE 45 is eliminated. As a re- 
sult, the volume of communication on the communica- 
tion network can be reduced, and reliability of the sys- 
tem also can be promoted. 

Furthermore, the operation corresponding to re- 

25 quests and the same work so far performed for plural 
controllers are no longer needed. Operator is required 
only to send the operation analyzing program module to 
the communication network. As the operation analyzing 
program module itself is able to move among the pro- 

30 tection controllers while obtaining, judging and adding 
the operating information in each protection controller 
autonomously as additional knowledge, no detailed in- 
struction and check of operator are needed. As a result, 
it becomes possible to reduce the workload of operator 

35 and provide an electric power system protection and 
control system having a highly economical efficiency 
and reliability. 

FIGURE 9 Is a block diagram showing a part of an 
electric power system protection and control system ac- 

40 cording to a third embodiment of this invention. Further, 
FIGURE 9 shows the status diagram of operatbn ana- 
lyzing program module 50b that is receiving specified 
information in digital protection controller 10. In FIGURE 
9, the construction of operation analyzing program mod- 

45 ule 50b that is sent to protection controller 10 from dis- 
play controller 20 and moves among the protection con- 
trollers explained in the embodiment described above 
is shown. Digital protection controller 10 is provided with 
an operating information input means 14b to give the 

so controller operating informatbn to this program module 
50b and a controller information input means 1 5b to give 
Information as to what range of an electric power system 
is made an object for the protection and control by the 
digital protection controllers. Operation analyzing pro- 

ss gram nnodule 50b is provided with a moving route control 
means 51 b, which controls the moving route of opera- 
tion analyzing program module 50b according to these 
information and corrects the moving route based on the 
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operating information and controller information of the 
controllers at the destination. 

As a result, it becomes possible to control the opti- 
mum moving route of the operation analyzing program 
module corresponding to the operating state and the 
controller information of the protection controllers. Con- 
ventionally, in a digital relay, the range to be protected 
by each controller is decided and projected individually. 
On the other hand, v;hen a system fault occurs, each 
digital relay performs the protection of the predeter- 
mined range to be protected. As operator has the infor- 
mation on the range to be protected by each controller, 
if a system fault occurs, operator goes to each substa- 
tion to obtain the operating state of the related digital 
relay based on the occurring state of the system fault 
and the information owned by the operator on the pro- 
tecting range. 

For instance, in FIGURE 10, total 6 controllers of 
current differential protective relays 1LA, 1LB, 1LC, 
2LA, 2LB, 2LC are provided at terminals A, B, C for pro- 
tection of 3 terminal parallel two circuit transmission 
lines. If a single line earth-fault occurs on No. 1 line of 
this system, operator judges that controllers 1 LA, 1 LB 
and 1 LC relate to this system fault from the aspect of 
the system fault known from an oscillograph equipment 
etc. and the protection range of each digital relay (the 
transmission line section from own terminal to other two 
terminals). In order to obtain this operating information, 
operator goes to a substation wherein the controllers are 
provided, or communicates with each of the digital re- 
lays and collects the operating information individually 
using the remote operation monitoring system de- 
scribed above. 

Accordingly, operator is needed to make the judg- 
ment as to which controller information should be ob- 
tained from the aspect of the fault and the protection 
range of individual relay. As a result, the workload in- 
cluding the information obtaining work of individual con- 
troller is much and complicated, and also, a human error 
tends to be produced. Further, if new faults occur fre- 
quently while obtaining information of individual control- 
ler, there is such a problem that another judgment and 
work for operator are required. 

According to this embodiment, each digital relay 
has a table showing its own protecting range and the 
range o1 an electric power system related to relay ele- 
ments stored therein by correlating the relay elements 
with related controllers as shown in FIGURE 11 . This is 
called as a controller information. 

Shown in this FIGURE 11 is an example in case of 
controller 1 LA and a table showing which digital relay is 
related, when current differential protective relays 87S 
(for short-circuit) and 87G (for earth-fault) provided in 
controller 1 LA operated. Further, as an operating infor- 
mation of the controller, for instance, in case Of the 
earth-fault of No. 1 line, controller 1LA has such the op- 
erating information that shown in FIGURE 11, in which 
the controller operating fault and the operating relay 



(87G in this case) are correlated. 

According to this embodiment, when a system fault 
occurred, operator is needed to send the operation an- 
alyzing program module (the function of the second em- 

5 bodiment added with moving route control means 51b 
described above) only to one controller (1LA in this em- 
bodiment) that is considered to relate to this fault from 
the aspect of the fault obtained from an oscillograph 
equipment, etc. 

^0 At controller 1 LA to which the operation analyzing 
program module is sent, after collecting such.the relay 
operating state, electrical quantity, related information, 
etc. as shown in this embodiment, the above stated op- 
erating information is taken into operation analyzing pro- 

f5 gram module 50b and collated with the above controller 
information by moving route control means 51 b. As 87G 
Is operating here, the program module moves to con- 
trollers 1 LB and 1 LC which are the controllers related to 
this fault to obtain the contents of operation similarly, 

20 and it is returned finally to the display controller which 
displays the obtained data to operator. 

Thus, without communicating with the controllers 
1 LB and 1 LC and requesting information by operator, 
the operation analyzing program module decides the 

25 moving route autonomously and moves from the infor- 
mation retained by the digital relays. This state is shown 
in FIGURE 12(A). Further, if a new fault occurs while 
moving (for instance, moving from 1 LA to 1 LB), the new- 
ly occurred fault and operating relay element are added 

30 to the operating Information. 

Thus, when this program module arrives at 1LB, it 
is able to recognize that the related controllers are 1 LC 
and 1 LA from the controller information and this updated 
operating information. After obtaining the contents of 

35 operation at 1 LB, the program module moves to control- 
lers 1LC, 1LA and the display controller to obtain the 
contents of operations. Here, as the operating contents 
of 1 LA at the initial fault was obtained, the operating con- 
tents only at the second fault are obtained. Thus, even 

40 when plural faults are taken place continuously, all of 
them can be conveyed to operator. This state is shown 
in FIGURE 12(B). 

As described above, according to this embodiment, 
it is so made that the operation analyzing program mod- 

45 ule has own moving route and obtain the contents of 
operations of the controllers, by deciding a moving route 
by referring to the controller information and operating 
information retained by the protection controllers or 
while correcting a moving route for successively occur- 

50 ring system faults. Accordingly, it becomes possible to 
minimize the workload of operator without causing hu- 
man errors and provide an electric power system pro- 
tection and control system having a high economical ef- 
ficiency, reliability and operabillty. 

55 Further, faults occurred in the protecting section on- 
ly are made objects of the controller information in the 
above embodiment. But, the operation analyzing pro- 
gram module is able to collect the operating information 
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in the fault taken place in a wider range when the con- 
troller information is set to include the faults taken place 
outside the protecting sections. For instance, when an 
undervoltage relay (27) with an operating quantity of a 
bus voltage common to No, 1 and 2 lines and controllers 
(6 controllers shown above) corresponding to this relay 
(27) are registered in the operating information in the 
above embodiment, the undervoltage relay operates 
against faults of both No. 1 and 2 lines, and therefore, 
the operation analyzing program module is able to move 
to all of the 6 controllers and to collect the contents of 
their operations. 

Thus, even when the controllers did not operate 
properly at complicated faults, there is such a merit that 
information about the relative controller can be easily 
collected in this modification, its effect is the same. Fur- 
ther, even when the controller information is not retained 
in the digital relay, but all controller informations of all 
objective controllers are retained collectively in the dis- 
play controller and are given to the operation analyzing 
program module when it is sent out, its effect is the 
same. 

FIGURE 13 is a block diagram showing the con- 
struction of an electric power system protection and con- 
trol system according to a fourth embodiment of this in- 
vention. 

In FIGURE 1 3, 10 and 40 are digital protection con- 
trollers, 20 is display controller and 30 is communication 
network, and the construction is the same as that in the 
above embodiment and the detailed description will be 
omitted. In this embodiment, an operating state predic- 
tion knowledge base 60b storing the knowledge predict- 
ing the operating state at a system fault occurred is pro- 
vided. Further, a verifying means 52b to verify validity of 
the operation of the protection controller by comparing 
the operating information collected by operating analyz- 
ing program module 50b with data from this knowledge 
base 60b is provided in operation analyzing program 
module 50b. 

Here, operating state prediction knowledge base 
60b is realized by a work station or a personal computer. 
It is a data base to correlate how the relay elements 
stored in the digital relays operate against predicated 
various faults of an objective electric power system. It is 
prepared in advance from the simulation of the objective 
electric power system. 

For instance, when the electric power system 
shown in FIGURE 10 is an object for the protection con- 
trol, the contents of above knowledge base 60b takes 
such a form as shown in FIGURE 14(A), and the pred- 
icated operation of the relay elements of the digital re- 
lays are correlated with the fault aspects. Operator gives 
this knowledge base 60b to operation analyzing pro- 
gram module 50b. According to the second embodiment 
of this invention, if a system fault occurs, the operation 
analyzing program module moves to related controllers 
successively to collect the contents of their operations. 
If the fault is the earth-fault of No. 1 line shown in FIG- 



URE 10, the relay operating states in the contents of the 
operation will be as shown in FIGURE 14(B). 

In this embodiment, the data in above knowledge 
base 60b are compared with this relay operating states 

s by verifying means 52b in the operation analyzing pro- 
gram module. For instance, in case of the earth-fault of 
No. 1 line, the predicted operating relays of knowledge 
base 60b are 1 LA. 87G. 1 LB, 87G, 1 LG, 87G, and the 
contents of operation obtained by operation analyzing 

10 program module 50b from the controllers as shown in 
FIGURE 10 are the same: and it can be judged that the 
operations of the controllers are valid. 

The operation analyzing program module displays 
this result when returned to the display controller after 

IS moving to the controllers. As a result, operator is able 
to know the contents of the operations of the controllers 
and the validity of the controller operations at the same 
time. On the contrary, if the contents of the knowledge 
base do not agree with those of the controller opera- 

20 tions, for instance, if relay 87G of controller 1 LG does 
not operate, it is verified by the verifying means and dis- 
played for operator, who is able to investigate controller 
1LG upon seeing the display. Conventionally, such the 
validity verification was made and judged by operator 

2S from his own knowledge after grasping the operating 
state of each digital relay individually, and accordingly 
both the operation and work were complicated when 
complicated failures occurred. 

According to this embodiment, as the validity verifi- 

30 cation between the infornnation from the knowledge 
t>ase and the operating information are executed in the 
operation analyzing program module, while moving 
among controllers, the validity can be verified efficiently 
and rapidly. Further, as the validity verification that is 

35 conventionally judged by operator is now executed by 
the operation analyzing program module autonomously 
and operator obtains its result only, the burden on oper- 
ator can be minimized. 

Further, if the validity is found to be a problem when 

40 the program module is moving among the controllers, it 
is possible for the program module to return to the dis- 
play controller after collecting the automatic supervising 
information relative to that controller. Thus, operator is 
able to rapidly obtain information relative to the control- 

45 ier that is possibly defective. Thus, it is possible to pro- 
vide an electric power system protection and control 
system having highly economical efficiency, operability 
and reliability. 

Further, in the above embodiment operator gives 

so related data from the knowledge base to the operation 
analyzing program module. But the operation analyzing 
program module may move to the knowledge base au- 
tonomously and moves to the digital relays after obtain- 
ing related data, and in this cases, the effect is the same. 

ss Further, in this case, the knowledge base should have 
the communication interface and the program module 
receiving and sending means likewise the digital relay. 
In addition, in the above embodiment, both the 
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knowledge base and the operating information are lim- 
ited to the state wherein the relays are in operation. But 
it is also possible to promote the accuracy of the validity 
verification by adding electrical quantities and various 
related information, when system failures occur, to the 
knowledge base and operating information. The effect 
in this modification is also equivalent to that in the above 
embodiment. 

FIGURE 15 is a block diagram showing the con- 
struction of an electric power system protection and con- 
trol system according to a fifth embodiment of this in- 
vention. In FIGURE 15, 10 and 40 are digital protection 
controllers to perform the protection and control of elec- 
tric power system 1 with inputs of status quantities S1, 
S2 from electric power system 1 which is an object of 
the protectbn and control and with protection and con- 
trol outputs CI , C2 to electric power system 1 . Further, 
display controller 20 is to remotely operate digital pro- 
tection controllers 10, 40 via communication network 30. 
These are the same as in the second embodiment and 
the explanation will be omitted. 

System observation units 70b, 80b are units to take 
and accumulate electrical quantities A1 , A2, respective- 
ly from electric power system 1 that is an object of the 
protection and control, and an oscillograph equipment 
is a representative unit therefor. The detailed construc- 
tion of these units is the same as the construction of the 
digital relay shown in FIGURE 4. 

Further, operation analyzing program module 50b 
is a program module that is sent out of display controller 
20, received and executed by protection controllers 10, 
40 and system observation units 70b, 80b. The basic 
construction of this program module is the same as the 
construction of the second embodiment. In this embod- 
iment, this program module is provided with route con- 
trol means 51 b to controls the route to system observa- 
tion unit 70b or 80b with which this program module 50b 
Is related based on the operating information obtained 
from protection controllers 10, 40 when system faults 
occur, and a verifying means 52b to verify the validity by 
comparing the electrical quantities collected from sys- 
tem observation units 70b, 80b with the above operating 
information. 

So far, when system faults occur, operator makes 
the state of the faults clear by obtaining current and volt- 
age waveforms at the time of fault from the system ob- 
servation unit to know the state of faults, and further, 
checks validity between the electrical quantities ob- 
tained by of the system obsewation unit and the oper- 
ating state of the protection controllers by obtaining 
them. 

For instance, operator recognized whether a fault 
was an earth-fault or a short-circuit fault and a continued 
time of the fault from instantaneous waveforms of cur- 
rent, voltage obtained from the system observation unit 
and checked the validity whether the relay operating 
state of each protection controller was valid, unneces- 
sary relay elements were operated or relay elements to 



be operated were properly operable. 

Therefore, operator was needed to obtain data from 
both of the system observation units and the protection 
controllers and make the judgment. In particular, if a fault 

5 occurs in a wide range and is complicated, the data anal- 
ysis from many system observation units and protection 
controllers becomes necessary and workload may in- 
crease and human error may result. 

This embodiment is to solve such problems and its 

10 operation will be described below. First, when a system 
fau It occurs, operator sends out the operation analyzing 
program module of this embodiment to a protection con- 
troller that has been operated for the system fault. This 
is the same method as that shown in the second em- 

is bodiment. 

This sent operation analyzing program module ob- 
tains the operating information from each protection 
controller. When assuming that, for instance, a fault oc- 
curred In the system in FIGURE 10 shown in the above 

20 embodiment and such the operating information as 
shown in FIGURE 14(B) was obtained. Generally, the 
system observation unit is started by the relay operation 
of the protection controller and the electrical quantities 
before and after the system fault are accumulated. 

25 Accordingly, this program module is able to know 
that related system observation units were started by 
obtaining the operating information of the protection 
controllers. By providing a table correlating the operat- 
ing information with the system observation units to the 

30 route control means, this program module, by referring 
to this table, moves to a corresponding system obser- 
vation unit and collects the accumulated electrical quan- 
tity. 

Further, validity of the operation of the protection 
35 controllers is verified by the verifying means by compar- 
ing the state of the collected system electrical quantities 
(magnitude of current, voltage and phases between 
electrical quantities) with the operating information of 
the protection controllers. For instance, in FIGURE 14 
40 (B). the current differential relay (87G) is in operation 
and the setting value for operation of this relay is 1 ,000 
amperes, if current at the fault obtained from the system 
observation unit is above this set value, the operation is 
judged to be valid. Thus, by providing a rule to be able 
45 to verify the validity in the verifying means by correlating 
the system electrical quantity and responded relay op- 
eration, it is possible to judge validity of the controller 
operations. 

An example of the installation of the system obser- 
50 vation units when taking electrical quantities of No. 1 
and 2 lines and the moving route of the operation ana- 
lyzing program module are shown in FIGURE 16. As 
shown in FIGURE 12, the operation analyzing program 
module efficiently moves to the protection controller and 
55 the system observation unit at each terminal in order, 
collects the operating information and system electrical 
quantities, verifies validity between them and finally, in- 
forms operator the result by way of the display controller 
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According to this embodiment, as the operation an- 
alyzing program module collects not only the operating 
information of the protection controllers but also electri- 
cal quantities of the system observation units and is able 
to decide its moving route autonomously. Further, it can 5 
verify the validity of the controller operation from the col- 
lected information and display the result to operator Ac- 
cordingly, it is possible to provide an electric power sys- 
tem protection and control system that Is easy to oper- 
ate, economical and capable of minimizing the workload 
of operator, as the required information is efficiently ob- 
tained by sending this program module only once. 

Further, the moving route of the operation analyzing 
program module is so set that It Is moved to the system 
observation unit installed at the same terminal as the 
protection controller in the above embodiment. But, 
when a specific relay element and the route control are 
combined, it becomes possible to collect electrical 
quantities of system observation units in a wider range. 
For instance, in the system shown in FIGURE 16, it is 
registered in the route control means for the operation 
analyzing program module to move to system observa- 
tion units KA, KB and KG by the operation of such relay 
elements having no directivity as an overcurrent relay 
and undervoltage relay of controller 1 2A. The operation 
analyzing program module is able to collect the electri- 
cal quantity information of 3 terminals autonomously 
when external system fault occurs and it becomes ef- 
fective in the controller operation analysis. The effect of 
this modification is the same as the above embodiment. 

Further, the operating state of the relay is used as 
the controller operating information for the validity veri- 
fication In the above embodiment. But, when the elec- 
trical quantities obtained in the protection controllers are 
further used and compared with the electrical quantities 
of the system observation units, it becomes possible to 
make the verification up to the analog-to-digital conver- 
sion unit and the relay computation. As a result, the ac- 
curacy of the validity verification is increased and the 
effect of this modification is also the same as the above 
embodiment. 

Further, this invention is not limited to an electric 
power system only. But this invention is also applicable 
to a distributed control system composed of plural dis- 
tributed controllers to control equipments to be control- 
led by taking status quantities therefrom and a display 
controller connected to these distributed controllers via 
a communication network to display and control for 
monitoring the operations and status of distributed con- 
trollers (or a program storage unit to store an operation 
analyzing program module that is capable of operating 
on the distributed controllers). In this case, in the em- 
bodiments described above, the protection controllers 
should be read as the distributed controllers. 

FIGURE 17 is a block diagram showing the con- 
struction of an electric power system protection and con- 
trol system according to a sixth embodiment of this in- 
vention. 



In FIGURE 17, 10 is digital protection controller to 
carry out the protection and control of electric power sys- 
tem 1 by inputting status quantity SI from electric power 
system 1 that is a subject to the protection and control 
and outputting protection and control output 01 to elec- 
tric power system 1 . It is composed of a monitoring pro- 
gram module receiving means 11c, a knowledge addi- 
tion means 1 2c and a sending means 1 4c. 

Further, display controller 20 remotely operates a 
plurality of controllers like digital type protection control- 
ler 10, and controller 40 of same configuiation, etc.. via 
communication network 30. It is provided with a moni- 
toring program module sending means 21c, a receiving 
means 22c and a display means 23c. 

As its operation, first monitoring program module 
50c is sent out via communication network 30 by mon- 
itoring program module sending means 21c in display 
controller 20. Monitoring program module 50c in this 
embodiment Is a program module with function to per- 
form the correspondent to patrolling work described 
above, which the description of data and to process it 
has been incorporated. 

For instance, as functions the following are realized: 

1. To acquire the automatic checking executing 
number of each controller, and to judge whether it 
is normal. 

2. To acquire the electrical quantity fetched to each 
controller, and to judge whether it is normal. 

3. To acquire the relay operating state of each con- 
troller, and to judge whether It is normal. 

4. To acquire the abnormal contents (automatic su- 
pervising result) of each controller, and to judge 
whether it is normal. 

The data and procedures to realize the above func- 
tions are as follows: 

Data: 

1. Automatic checking number validity standard 
(Whether the acquired value surpasses that in the 
former time, and whether it is the same automatic 
checking number of another controller which begins 
its operation at the same time) 

2. Electrical quantity validity standard (Whether it is 
in the specified range and whether it is balanced in 
three phases) 

3. Relay operating state validity standard (Whether 
or not the relay element other than the relay element 
which operates by the power flow.) 

4. Abnormal contents validity standard (Whether or 
not even in other controllers a same failure is de- 
tected, that is to say, a failure factor is not outside 
the controller) 
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Procedure: 

1. To acquire the automatic checking executing 
number, and to judge whether it is normal by com- 
paring with the automatic checking number validity s 
standard. 

2. To acquire the electrical quantity fetched to each 
controller, and to judge whether it is normal in com- 
parison with the electrical quantity validity standard. 

3. To acquire the relay operating state of each con- 
troller, and to judge whether it is norma! in compar- 
ison with the relay operating state validity standard. 

4. To acquire the abnormality contents (automatic 
supervising result) of each controller, and to judge 
whether it is normal in comparison with the abnor- 
mality content validity standard. 

In this respect, the data also include a moving route 
designated in what moving route the program module 
moves to a plurality of protection controllers. Monitoring 
program module 50c configured and sent out as de- 
scribed above, is received by monitoring program mod- 
ule receiving means 11c in digital type protection con- 
troller 10 via communication network 30. Thereafter, it 
is put in knowledge addition means 12c, where program 
module 50c is executed. Concretely, the procedure for 
the processing of monitoring program module 50c is ex- 
ecuted. 

This state is shown in a flow chart in FIGURE 18. 
First, in S1>1c the state in object in the protective con- 
troller, that is to say, automatic checking executing 
number, electrical quantity, relay operating state, and 
abnormal contents are acquired. In SI -2c this acquisi- 
tion result is compared with the above validity standard 
as to each item, and in SI -3c the judgment is carried 
out whether the acquisition state is in the validity stand- 
ard by this comparison result. 

For instance, as to the automatic checking execut- 
ing number, the acquired state is executing number of 
80. If the previous executing number in the data stored 
in monitoring program module 50c is 79, due to the fact 
that 1 is increased in this time, it is judged that the in- 
spection is normally conducted. (In this respect, here it 
is a premise that a cycle in which monitoring program 
module 50c is sent out to carry out this execution is 
same as the cycle in which the protection controller ex- 
ecutes the automatic checking.) Further, it is judged 
whether it is the same automatic checking executing 
number of another controller which begins its operation 
at the same time. 

The monitoring program module can recognize that 
in such a way the protection controller normally carries 
out the automatic checking, and the automatic checking 
function normally functions. 

Further, by judging whether the electrical quantity 
acquired similarly as described above is in the specified 
range stored in the monitoring program module, or 
equalized at three phases, the monitoring program mod- 



ule can recognize that the analog-digital conversion unit 
of the protection controller is normal. 

Further, if the relay operating state similarly ac- 
quired is in accordance with the validity standard (for 
example, it is judged as normal that the relay element 
is now operating which is operated by the power flow, 
and so on), it is detemnlned as normal. If it does not ac- 
cord with the validity standard, the monitoring program 
module can recognize that the protection controller is 
abnormal. 

Further, regarding the abnormality content similarly 
acquired, it is compared with the validity standard (for 
example, whether another controller does not detect the 
same failure) stored in the monitoring program module. 
If the same failure is not generated in another controller, 
the monitoring program module can recognize that there 
is an abnormality in the controller itself which'is in object 
at present. 

For four validity standards, they are compared with 
the acquired data, respectively, in SI -2c, and these 
comparison results are judged in SI -3c. If all the items 
are found in the validity standards, that the execution 
result of this monitoring program module is good is add- 
ed as a knowledge of this monitoring program module 
in SI -4c. Concretely, it is added as one of the above 
data. Further, if even one of the items is found out of the 
validity standard, it is added as a knowledge of this mon- 
itoring program module in SI -5c that the execution re- 
sult of this monitoring program module is defective. 

Finally the automatic checking executing number, 
the electrical quantity, the relay operating state and the 
abnormality contents acquired in SI -1c are added as a 
knowledge of this monitoring program rrK)dule in SI -8c. 
Concretely, they are added as a data of the monitoring 
program module. The monitoring program module is ex- 
ecuted by the procedure as above described, its execu- 
tion result is acquired, and the knowledge is added to 
the monitoring program module. 

In this knowledge added, the automatic checking 
executing number, the abnormality contents, etc. are 
used also as the data of validity standards at the time 
this monitoring program module is transferred to anoth- 
er controller. In such a way this monitoring program 
module is transferred to each protection controller, ex- 
ecuted at the transfer destination and acquired the result 
to add the knowledge sequentially,. 

The execution result executed as mentioned above 
(the result whether the monitoring result is good or not) 
and the monitoring program module added by the 
knowledge are returned to display controller 20 or trans- 
ferred to another protection controller 40 via communi- 
cation work 30. Hereupon, as to whether the return to 
display controller 20 Is carried out, or whether the trans- 
fer to protection controller 40 is carried out, the selection 
is possible by an instruction from an operator to the mon- 
itoring program module. That is to say, if the return is 
found each time the end of monitoring each protection 
controller in the display controller, an operator comes to 
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know more quickly the monitoring result. 

On the one hand, after being transferred to other 
controllers and ending the execution of the monitoring 
program nrKDduie in all the controllers in object of the 
monitoring, if it is returned finally to the display control- 
ler, it is an advantage that an operator is enough with 
the display confirmation of only one time. Even in pro- 
tection controller 40. the similar means to the above pro- 
tection controller 10, that is to say, a monitoring program 
module receiving means 41c, knowledge addition 
means 42c and a sending means 43c are provided. First 
of all, the monitoring program module is received by 
monitoring program module receiving means 41c, it is 
executed similarly and the knowledge Is added as above 
described in knowledge addition means 42c, and the ex- 
ecution result and the program module are returned to 
display controller 20 by sending means 43c, or further 
It is transferred to another protection controller, and then 
the processing similar as described above is carried out. 

Hereupon it is possible that only the execution result 
is returned to the display controller every time, and the 
monitoring program module is transferred to another 
protection controller, by the designation of an operator. 
The monitoring result and the monitoring program mod- 
ule transferred between protection controllers and re- 
turned back in such a way are received and displayed 
by receiving means 22c and display means 23c of dis- 
play controller 20. As the display, a list is displayed in 
display controller 20 composed of the monitoring result 
of each protection controller and contents (for example, 
automatic checking executing number, the electrical 
quantity, etc.) added by each protection controller as the 
knowledge of the monitoring program module. 

A definite example of construction of this embodi- 
ment is shown in FIGURE 4. Digital protection controller 
10 is composed of analog-to-digital conversion unit 
10-1, digital processor 10-2, input/output interface 10-3 
with external equipments such as a circuit beaker, etc. 
communication interface 10-4 to interface, communica- 
tion network 30 with this protection controller 10. and 
bus 10-5. 

All units of 10-1 through 10-4 are connected to each 
other via bus 10-5. Here, the component elements other 
than communication interface 10-4 are the same as 
those described for prior art as shown in FIGURE 44. 
This Invention differs from a conventional protection 
controller in that a part of the program module (the mon- 
itoring program module in this embodiment) is sent to 
RAM 2-2 via communication interface 1 0-4 from com- 
munication network 30 and processed as a program in 
digital processor 10-2. 

The present invention features that the monitoring 
program module is sent to RAM 2-2 via communication 
network 30 and transferred to a RAM of another protec- 
tion controller, while in the conventional protection con- 
troller, programs are fixedly written in ROM 2-3. This dig- 
ital processor 10-2 composes knowledge addition 
means 12c, and a part of receiving means 1 1 c and send- 



ing means 1 3c. 

Further, communication interface 10-4 is one of the 
features of this invention, and for instance, it connects 
an ethernet LAN with protection controller 10 as shown 
5 in this FIGURE 4. Monitoring program module receiving 
means 11c and sending means 13c are partially 
achieved by this communication interface 10-4. 

According to this embodiment, the work for a patrol 
which is conventionally earned out by an operator of pro- 
^0 tection controllers is carried out by substituting the mon- 
itoring program module. As a result, It becomes for any 
operator to go to each substation for a patrol of each 
protection controller, and a sharp labor saving becomes 
possible. Furthermore, as it is so constructed that the 
monitoring result and acquired data are added sequen- 
tially in the monitoring program module, a remote oper- 
ator is able to confirm by acquiring easily details of mon- 
itoring contents. As a result, the operability can be im- 
proved. 

20 Further, in this embodiment, the program module 
itself, corresponding to the work which conventionally 
an operator for a patrol of protection controllers carries 
out, is sent from the display controller to the protection 
controller via the communication network, and executed 
2S in the protection controller. The communication proce- 
dure as shown in FIGURE 46 is omitted, a traffic on the 
communication network can be made little, and the re- 
liability can thereby be improved. 

Further, according to this embodiment, the opera- 
te tion corresponding to each demand and the work to car- 
ry out the same job against a plurality of protection con- 
trollers as conventionally are not necessary, and an op- 
erator only sends out the monitoring program module to 
the communication network. The monitoring program 
35 module itself autonomously acquires the state in each 
protection controller, judges the acquired result and 
adds it as knowledge, and then it transfers between pro- 
tection controllers. Accordingly, no instruction or confir- 
matbn are required by one by one by an operator^ and 
40 the workload of an operator can be reduced. As a result, 
an electric power system protection and control system 
of high economical efficiency and reliability can be of- 
fered. 

Further, in comparison with the automatic supervis- 
es ing function mounted in the conventional protection con- 
troller, the monitoring program module described in this 
embodiment becomes the style to compare the states 
of a plurality of protection controllers. Accordingly, in 
comparison with the conventional automatic supervis- 
ee ing function, the monitoring with high accuracy and in a 
wide range can be realized according to this embodi- 
ment. 

FIGURE 19 is a block diagram showing the con- 
struction of a part of an electric power system protection 
55 and control system according to a seventh embodiment 
of this invention. FIGURE 1 9 shows the configuration of 
monitoring program module 50c sent out from display 
controller 20 to the protection controllers, and transfers 
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between protection controllers. As shown in FIGURE 
1 9, it is characterized in that it is provided with a moving 
route control means 51c and an abnormality detection 
means 52c. By this, it comes to be possible to carry out 
the most suitable moving route control of the monitoring 
program module corresponding to the state of the pro- 
tection controller. 

The concrete operation is explained by employing 
a flowchart in FIGURE 20. In FIGURE 20. since steps 
SI -1 0 through SI -6c are knowledge addition means al- 
ready indicated in the seventh embodiment, the expla- 
nation thereof is omitted. Among these, steps SI -2c and 
S1-3c correspond to abnormality detection means 52c 
of this embodiment. The judgment iscarried out in 81 -2c 
and SI -3c whether the acquired data in SI -1 c are in the 
validity standard, and in case that the controller in object 
is judged as normal, the moving route Is set to the next 
protection controller by S2-1c. 

The monitoring program module Is sent out to the 
following prolectbn controller by sending means 13c 
shown in the sixth embodiment according to the moving 
route set. In case that it is judged as an abnormal in 

51 - 3c, the moving route is set in the display controller 
by S2-2c. By this, the monitoring program module Is re- 
turned to display controller 20 by sending means 13c. 
The control of the above moving route is realized in the 
monitoring program module. 

The state of transfer of the monitoring program 
module in case the moving route is controlled in such a 
way is shown in FIGURE 21(a). In FIGURE 21(a). the 
monitoring program module sent from display controller 
20 transfers along dotted lines in thefigure. Here in case 
that a protection controller A is normal, it is transferred 
to a next protectbn controller B. Here in case that an 
abnormality ot the protection controller is detected by 
above steps SI -2c and S1-3c, a route ("a") is selected 
by S2-2C, and the monitoring program module is re- 
turned to display controller 20. In case that the protec- 
tion controller is normal, a path ("b") is selected by 

52- 1C, and the monitoring program module is trans- 
ferred to a next protection controller C. 

According to this embodiment, it has been designed 
so that a moving route may be changed by the state of 
the protection controller by providing means for control- 
ling a moving route in the monitoring program module. 
By this, in case that an abnormality occurs in the con- 
troller, the monitoring program module is immediately 
returned to the display controller Accordingly, it comes 
to be possible that an operator can quickly restore the 
controller by these contents, and the availability of the 
protection controller can be improved. 

As a modification of the seventh embodiment, when 
the protection controller is abnormal, after acquiring the 
state of the related protection controller, the monitoring 
program module controls a moving path so as to return 
to display controller 20. This state is shown in FIGURE 
21(b). As shown in FIGURE 21(b). in case that protec- 
tion controller A is normal and protection controller B is 



abnormal, the moving route is transferred to a protection 
controller D related to protection controller B. After the 
state of protection controller D is acquired, the monitor- 
ing program module returns to display controller 20. 

5 It is assumed that protection controllers B and D are 
connected to the same transmission line. In this case, 
as the electrical quantity is not included in the standard 
value in protection controller B, related protection con- 
troller D also acquires the electrical quantity By this, in 

10 case that there are the similar abnormalities in the elec- 
trical quantity in the two protection controllers B, D, the 
probability that an abnormality is in the transmission line 
itself comes to be higher. In this case, by the fact that 
an operator obtains such Information, it is possible to 

IS specify the defective portion quickly. Further, there is no 
need to stop the protection controller unnecessarily, re- 
sulting in enabling to improve the availability. 

By changing a moving route automatically to the re- 
lated controller in such a way, an operator can acquire 

20 quickly the necessary information. In this respect, this 
function can be realized by changing step S2-2c of FIG- 
URE 20 to the "setting the moving route to the related 
controller". Here what controller is a related controller 
can be realized by adding the name of the related con- 

2S troller to the data in sending out the monitoring program 
module from the display controller. 

According to the above embodiment, as it is made 
that the moving route can be controlled by the state of 
the protection controller, the monitoring result and the 

30 detailed information can be quickly known, the restora- 
tion of the controller Is accelerated, and the reliability 
can be improved. Further, by adding the data of the re- 
lated controller to the monitoring program module and 
carrying out the moving route control by the state of the 

3S protectbn controller along with these data, the state of 
the related controller can be efficiently collected. Fur- 
ther, by this, specifying a failure portion can be imple- 
mented quickly, and the improvement of the reliability 
can be realized. 

40 FIGURE 22 is a block diagram showing the con- 
struction of an electric power system protection and con- 
trol system according to an eighth embodiment of this 
invention. In FIGURE 22, 10 and 40 are digital type pro^ 
tection controllers, 20 is display controller, and 30 is 

45 communication network. These are of the similar con- 
figuration to the above embodiment, and the detailed ex- 
planation is omitted. In this embodiment, a specific pur- 
pose indication means 24c is provided in display con- 
troller 20. By this, a specific purpose is given in display 

so controller 20 to a specific purpose data collection pro- 
gram module 50c which transfers between a plurality of 
protectbn controllers. 

Specific purpose data collection program module 
50c to which the specific purpose is given is provided 
55 with a data collection means 54c to carry out the data 
collection in accordance with the specific purpose and 
a comparison means 53c to carry out the comparison 
statistics processing on the same item of the data of the 
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plurality of protection controllers. 

In the above sixth and seventh embodiments, they 
are constructed such that all Items corresponding to the 
conventional work for a patrol are included in the mon- 
itoring program module which transfers between protec- 
tion controllers. In this case, when there are many items 
which should execute on each controller and the 
number of protection controllers to go round is many, 
much time is required until the monitoring program mod- 
ule will be returned to the display controller. 

According to the style of operation of the protection 
controller, there are many cases that are good with only 
the monitoringof specific items. Thereupon, this embod- 
iment aims to provide an operator quickly with the state 
of a plurality of protection controllers which the operator 
wish to obtain, by configuring as above. For instance, in 
case that each protection controller compares the elec- 
trical quantities fetched from the electric power system, 
and it is desired to know the deterioration state of an 
analog-to-digltal conversion unit of each controller, the 
specific purpose of ■Electrical quantity data collection" 
by the display controller Is given to the specific purpose 
data collection program module. 

The program module to which the specific purpose 
is given is transferred to protection controller 10, and 
collects digital data which is obtained by analog conver- 
sion of the electrical quantity that is the output of the 
analog-digital conversion unit. 

Similarly, the electrical quantity data of each protec- 
tion controller is collected. After collection, by compari- 
son means 53c installed in this program module 50c. 
electrical quantities of the same Item are compared with 
each other with respect to the root mean square value 
and the phase, and the statics processing like its differ- 
ence, dispersion, mean value calculation, etc. is carried 
out. This result is displayed In display controller 20. 

The above operation Is shown by a flowchart in FIG- 
URE 23. FIGURE 23 is a figure to show the flow in case 
the electrical quantity is collected by the specific pur- 
pose data collection program module. First, whether all 
controllers in object are done for a patrol by S3-1c, and 
In case it does not end, the monitoring program module 
itself is transferred to the next controller by S3-2c. The 
electrical quantity data of the controller transferred by 
S3-3C is collected. After then, it returns to S3-1c. These 
steps are repeated until the data collection related to all 
controllers in object are finished. 

When the patrol of alt controllers in object ends, the 
comparative statistical processing of collected data is 
carried out in S3-4c, and it ends by transferring the pro- 
gram module to the display controller in S3-5c. In display 
controller 20, the above comparative statistical process- 
ing result is displayed. In FIGURE 24, as an example of 
this, the root mean square values and the phases of the 
currents of protection controllers and their mean values 
and the dispersion values thereof from the mean values 
with statistic processing are shown, respectively. 

By displaying the result made with the comparative 



statistical processing along with the data collected from 
each controller as described above, the deterioration of 
an analog-to-digltal conversion unit, etc. can be known 
at higher accuracy. In the above embodiment, the elec- 
s trical quantity is explained as an instance, but the 
present invention can be applied as to a variety of con- 
tents like other data, for instance, the automatic check- 
ing executing number, relay operating state, state of a 
transmission system for protection and control, etc. 

According to this embodiment, since the specific 
purpose is given to the program module, and it is de- 
signed to carry out the comparative statistical process- 
ing by going around this program module between re- 
lated protection controllers, information required by an 
operator can be effectively obtained. As a result, protec- 
tion controllers of high operabllity and economical effi- 
ciency can be offered. 

In the above embodiment, the comparative statisti- 
cal means is provided within the program module to 
transfer among the protection controllers. But, the effect 
is same even though It Is provided within the display con- 
troller so as to acquire the collected data from the pro- 
gram module in which the data collection is ended. Fur- 
ther, in the above embodiment, it is so constructed that 
the specific purpose is given to the specific purpose data 
collection program module. But, even though a produc- 
tion means to produce every time the program module 
itself by the specific purpose is installed in the display 
controller, its effect is equal. 

FIGURE 25 is a block diagram to show the construc- 
tion of an electric power system protection and control 
system according to a ninth embodiment of this Inven- 
tion. In FIGURE 25, 10 is digital type protection control- 
ler to carry out the protection and control of electric pow- 
er system 1 making status quantity SI from electric pow- 
er system 1 in object of protection and control as an input 
and making protection and control output CI to electric 
power system 1 as an output. It is composed of moni- 
toring program module receiving means 1 1 c, knowledge 
addition means 12c, sending means 1.3c, a diagnostic 
program module receiving means 1 4c, and an execution 
means 15c. 

Further, display controller 20 carries out the remote 
operation of digital type protection controller 10 via com- 
munication network 30. It is provided with monitoring 
program module sending means 21c, and a diagnostic 
program module sending means 25c. Monitoring pro- 
gram module 50c and a diagnostic program module 60c 
are program modules sent from the display controller, 
received by the protection controller, and executed 
therein. 

Here monitoring program module receiving means 
11c, knowledge addition means 12c, sending means 
13c, monitoring program module sending means 21c, 
and monitoring program module 50c have been ex- 
plained already in the sixth embodiment, the detailed ex- 
planation is omitted. The characteristic of this embodi- 
ment is in the configuration to handle the diagnostic pro- 
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gram module, and its operation Is explained below. 

In case it is judged that there is an occurrence of 
abnormality of protection controller 10 or an omen of oc- 
currence thereof by the monitoring program module as 
explained in the sixth embodiment, it is notified from the s 
monitoring program module to diagnostic program mod- 
ule sending means 25c in display controller 20. When 
diagnostic program module sending means 25c is noti- 
fied, diagnostic program module 60c is transferred to 
protection controller 10 via communication network 30. 
In protection controller 10, this diagnostic program mod- 
ule 60c is received by diagnostic program module re- 
ceiving means 14c, and executed by execution means 
15c. 

In the monitoring program module as described for- 
merly, the state of each controller is detected and the 
existence of an abnormality can be judged, but which 
portion is bad cannot be specified. For instance, In case 
that the electrical quantity is not an appropriate value, it 
can be supposed as failure of analog-digital conversion 
unit. But any portion of an A/D converter, multiplexer, 
sample hold circuit and filter in the analog-digital con- 
version unit cannot be specified. 

A protection controller incorporating a diagnostic 
rule in advance as a technique for such diagnostic has 
been offered (Japanese Patent Application No. Hei- 
6-336280). By this, for instance, it all electrical quantities 
are abnormal, it can be supposed as a failure of an A/D 
converter or a multiplexer which are the common por- 
tions The program module including such a diagnostic 
rule is a diagnostic program module, which diagnoses 
by obtaining a variety of information at the time of ab- 
normality occurrence from the monitoring program mod- 
ule, and specifies the failure part. The result is notified 
to an operator By this, for an operator, the replacement 
of a failure part comes to be possible quickly. 

Conventionally, such a diagnostic function has been 
incorporated in each controller in a style of ROM. How- 
ever, accompanied by the complicity and high function- 
ality of protection controllers, it is in a trend that the di- 
agnostic function becomes complicated, resulting the 
increase in the required memory. Further, in case the 
diagnostic rule is further made of high functionality by 
reflecting a variety of diagnostic results, since a diag- 
nostic function is stored in an ROM conventionally, it is 
necessary to stop the controller and replace an ROM. 
As a result, there is a problem In the point of availability 
of the controller. 

According to this embodiment, the diagnostic func- 
tion is transferred from the display controller only to a 
controller in which an abnormality is recognized by the 
monitoring program module, and is executed without 
stationing the diagnostic function always in each protec- 
tion controller. Accordingly, excessive equipment of 
hardware resources like memory of each protection 
controller, etc. comes not to be necessary, and protec- 
tion controllers of highly economical efficiency can be 
offered. 



Further, in case the change in diagnostic rule or the 
highly functional implementation thereof is carried out, 
since the diagnosis is executed by sending a diagnostic 
program module to RAM of protection controller, the 
stop of the controller is required, with the result that a 
protection controller of high availability can be offered. 
Further, as to the diagnostic program module, similarly 
to the monitoring program module, the sending it to a 
plurality of controllers is also possible. The diagnostic 
rules as to a plurality of controllers (for example, when 
a plurality of controllers detect abnormalities in the elec- 
trical quantities, it diagnoses that all controllers are 
sound and that there are failure factors at the electric 
power system side) can be applied, with the result that 
the diagnosis of high accuracy and specifying quickly a 
failure part come to be possible. 

FIGURE 26 is a block diagram showing the con- 
struction of an electric power system protection and con- 
trol system according to a tenth embodiment of this in- 
vention. In FIGURE 26, 10 is digital type protection con- 
troller to carry out the protection and control of electric 
power system 1 making status quantity SI from electric 
power system 1 in object of the protection and control 
as an input. In addition to FIGURE 25, in this embodi- 
ment, it is characterized in that a restoration program 
module receiving means 16c and an execution means 
17c are installed. A program storage unit 70c supplies 
a restoration program module 60c to digital type protec- 
tion controller 1 0 via communication network 30, and is 
provided with a restoration program module sending 
means 71c. In this respect, program storage unit 70c is 
realized by a work station or a personal computer 

As its operation, in the configuration shown in FIG- 
URE 25, first in case it is judged that there Is an occur- 
rence of abnormality of the controller or an omen of oc- 
currence thereof by the monitoring program module, the 
diagnosis is carried out by the diagnostic program mod- 
ule, and a failure part is specified. Next, restoration pro- 
gram module 60c corresponding to the failure part is 
sent, in order to continue the operation without stopping 
this controller, from program storage device 70c. By re- 
ceiving and executing it at the protection controller side, 
this protection controller shall be normally operated after 
the restoration. 

For instance, it is considered as to a failure part, by 
the diagnostic program module in FIGURE 25, that only 
the specified filter in the analog-to-digital conversion 
unit is specified as a failure portion. In this case, an op- 
erator continues its operation as a protection controller, 
by sending out restoration program module BOc realiz- 
ing the protection and control processing without using 
this specified filter, resulting in not using the electrical 
quantity obtained from this defective filter 

Concretely, it is assumed that there are two filters 
inputting the same system electrical quantities, of differ- 
ent accuracy, and they are employed as the inputs of 
different relay elements, respectively. In case a fitter at 
the side of high accuracy became defective, a program 
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of relay elements utilizing this filter is changed so as to 
use another filter of low accuracy which is sound in this 
relay element. For this purpose, a program module to 
carry out the relay operation for the restoration is sent. 
Further, for a different example, in case a clock realized 
by the hardware of the protection controller has became 
defective, a program module to realize the clock function 
by the software in place is sent out for restoration pur- 
pose 

According to this embodiment, since it is designed 
so that the restoration program module corresponding 
to a failure part that can be specified by the diagnostic 
program module is sent out from the program storage 
device, without carrying out a hardware replacement in 
the failure part, it comes to be possible to continue the 
operation of the protection controller. As a result, the 
availability of the controller is not lowered, and a sharp 
labor saving of the restoration work of the controller is 
obtained, thereby it Is possible to provide an electric 
power system protection and control system of highly 
economical efficiency. 

FIGURE 27 is a block diagram showing the con- 
struction of a part of an electric power system protection 
and control system according to an eleventh embodi- 
ment of this invention. In FIGURE 27, 10 is digital type 
protection controller of the same configuration shown in 
FIGURE 17, and monitoring program module 50c is sent 
via communication network 30. The characteristic of this 
embodiment is to provide a control means 55c in mon- 
itoring program module 50c to input the history of work- 
ing results and operating results of the protection con- 
troller, and to control the transfer cycle, stay time, 
processing contents and moving route of the monitoring 
program module itself. FIGURE 27 is a diagram showing 
that working results and operating results are input to 
monitoring program module 50c in digital type protection 
controller 10. 

Conventionally, in many cases, a patrol, periodical 
inspection, etc. of a protection controller are determined 
from the working time and operating results of the con- 
troller. That is to say, for the controller in which a spec- 
ified time has not elapsed after starting the operation of 
the controller, the inspection work is carried out, since 
an initial failure of the hardware in the controller is fore- 
seen. Further, when an electric power system fault oc- 
curs and the protection function works normally in the 
protection controller, it is considered that there are op- 
erating results, in this protection controller In this case, 
since there Is no anxiety of the failure to operate and the 
protection function is also correct, there is a case in 
which the above inspection is omitted, or a case to omit 
a part of a patrol work item. 

Further, in case the abnormality, etc. occur in the 
controller and it is considered that there are problems 
also in the controller operation, there is a case to carry 
out a patrol work by shortening the regular patrol cycle. 
As described above, by the working state and operating 
results of the controller, an operator judges convention- 



ally to do a patrol, etc. every time. In this case, if the 
number of controllers in object is many, an operator 
judges these every time and carries out the inspection 
work, which results extremely complicated, and the re- 
5 liability is also lowered. 

In order to solve these problems, this embodiment 
is configured to give the hysteresis of the working state 
and operating results to the monitoring program module, 
and to carry out therein the transfer and^.execution ade- 
quate to this. Concretely, the monitoring program mod- 
ule has a control table shown in FIGURE 28 in the con- 
trol means 55c and referring to this, it determines the 
transfer cycle, processing contents, stay time and mov- 
ing route. 

As shown in FIGURE 28, in case working results 
are little, the cycle for the monitoring program module 
of transferring and monitoring is shortened, the stay time 
is made longer for the enough inspection, and monitored 
repeatedly. Further, for the controller with the operating 
results, the detailed monitoring of electrical quantity, and 
relay operating state confirmation, etc. is omitted. For 
the controller in which abnormality has occurred, since 
there is a probability to occur an abnomnality again, the 
monitoring program module is returned to the display 
controller every time of the monitoring, thereby an op- 
erator can confimri the details. 

In this embodiment, as to the working time and op- 
erating results, the values which each protection con- 
troller has are given to the monitoring program module. 
But, in case all values of protection controllers are gath- 
ered in the display controller, the values may be given 
to the monitoring program module by the display con- 
troller. 

As explained above, according to this embodiment, 
by the use of the working results and operating results 
of the protect bn controller, it becomes possible to adopt 
the monitoring style corresponding to these results. As 
a result, in case versatile controllers exist and their hys- 
teresis are also different, the most suitable style-of the 
monitoring as a whole can be realized. That is to say, 
without increasing the load of communication, the time 
and contents necessary for each controller can be sup- 
plied, and an electric power system protection and con- 
trol system of excellent reliability, economical efficiency 
and response performance can be offered. 

Further, this invention is not limited to an electric 
power system only. But this invention is also applicable 
to a distributed control system composed of plural dis- 
tributed controllers to control equipments to be control- 
led by taking status quantities therefrom and a display 
controller connected to these distributed controllers via 
a communication network to display and control for 
monitoring the operations and status of distributed con- 
trollers (or a program storage unit to store a monitoring 
program module that is capable of operating on the dis- 
tributed controllers). In this case, in the embodiments 
described above, the protection controllers should be 
read as the distributed controllers. 
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FIGURE 29 is a block diagram showing an electric 
power system protection and control system according 
toatwelfth embodiment of this invention. In FIGURE 29, 
10 is digital protection controller which carries out the 
protection and control of electric power system 1 subject 
to the protection and control by inputting status quantity 
SI from electric power system 1 and making the protec- 
tion and control output to electric power system 1 as CI . 
It Is composed of a setting program module receiving 
means I1d, a knowledge addition means 12d and a 
sending means 13d, 

Further, display controller 20 performs remote op- 
eration of plural controllers such as digital protection 
controller 10, other controller 40 of the same configura- 
tion, etc. via communication network 30. It is provided 
with a setting program module sending means 21 d, a 
receiving means 22d, and a display means 23d. 

As its operation, first a setting program module 50d 
is sent out via communication network 30 by setting pro- 
gram module sending means 21d is display controller 
20. Setting program module SOd in this embodiment is 
a program module with a function to perform setting 
processing as above described, and the data and the 
description on the procedure to process them are incor- 
porated therein. 

In the setting program module, the data are setting 
values corresponding to each protection system, the 
procedure may be said as the step to store those setting 
values to the specified memory of a protection controller 
In this respect, to move between plural protection con- 
trollers, a moving route of setting program module is al- 
so included in the data. 

Setting program module sent is received by pro- 
gram module receiving means 11 d in digital protection 
controller 1 0 via communication network 30, is executed 
by knowledge addition means 1 2d, and its executed re- 
sult is added as knowledge therein. When summarizing 
up the flow of program sending, reception, knowledge 
addition and execution processing in this case, the flow 
will be shown in FIGURE 30. 

Since the setting program module sent out from the 
display controller as shown here consists of setting val- 
ue data to be set and its procedure (for instance, in what 
memory the set value is stored, and to which processing 
in the protection controller a request is submitted, and 
so on), the detailed processing as to the setting process- 
ing in the protection controller is performed. 

In other words, the processing is performed against 
each hardware resource in the protection controller like 
RAM, EEPROM (New). EEPROM (Old), etc. As shown 
in FIGURE 30, since the setting program module trans- 
ferred in the protection controller performs processing 
between various hardware resources, such as RAM etc. 
and other programs in the protection controller, it is 
enough that an operator gives the moving route to the 
setting program module on the display controller. There- 
fore, the request data and response data do not mutually 
come and go. in a complicated way on the communica- 



tion network as shown in FIGURE 47. 

Conventionally, such a communication as shown in 
FIGURE 47 is performed between the display controller 
and the protection controller. In this embodiment, as the 

s setting program module incorporating the processing of 
these is transferred to the protection controller side and 
executed, the load of the communication network is re- 
duced in comparison with the conventional system. Fur- 
ther, it is enough that an operator only gives a new set- 
to ting value to the display controller, and an operation to 
send out each request to the protection controller as 
conventionally becomes not to be required. 

As the knowledge, whether setting is normally com- 
pleted, what is a new setting value?, what are defective 

IS setting elements and setting values in case the setting 
is not completed?, and whether there is other abnormal- 
ity or relay operation are treated, and the knowledge is 
added to setting program module SOd. in this respect, 
by adding an abnormality of the controller and relay op- 

20 erating state here as knowledge, whether the relation 
between the state where the controllers is operated, 
such as system state, etc. and the setting value is proper 
is possible to know indirectly. 

Concretely, the above knowledge is added as one 

^5 of data in the setting program module. It becomes such 
a style that this setting program module is nfx>ved to 
each protection controller, executed at the destination 
moved, the result is obtained, and further knowledge is 
sequentially added, as described above. 

30 The setting program module executed and added 
with knowledge as described above is returned to dis- 
play controller 20, or is transferred to other protection 
controller 40 via the communication network by sending 
means 1 3d. Hereupon, whether it is returned to display 

55 controller 20 or transferred to other protection controller 
40, is determined by the data designating the above de- 
scribed moving route. The data of this moving route is 
given to the setting program module by an operator who 
decides the controller needed with the setting service. 

40 After being transferred to other controller, and the 
execution of the setting program module is finished in 
all the controller subject for the setting, if it is finally re- 
turned to the display controller, there is an advantage 
that an operator Is enough to confirm the displayed con- 

45 tents only once. Here, protection controller 40 Is provid- 
ed with the similar means in protection controller 10, a 
setting program module receiving means 41 d, a knowl- 
edge addition means 42d, and a sending means 43d. In 
protection controller 40, first the setting program module 

so is received by setting program module receiving means 
41 d, it is executed and the knowledge is added as de- 
scribed above, and its execution result and the setting 
program module are returned to display controller 20, 
or transferred further to other protection controller by 

55 sending means 43d. Then, the same processes follow 
as described above. 

The setting program module transferred between 
protection controllers and retumed as described above 
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is received and displayed by receiving means 22d and 
display means 23d of display controller 20. As the dis- 
play, the contents added as knowledge of the setting 
program module by the protection controller is displayed 
as a list (for instance, setting completion normally, set- 
ting abnormality, relay operation, etc.). 

This state is shown in FIGURE 31. FIGURE 31 dis- 
plays in a comprehensible way to an operator the data 
which the setting program module transferred to two 
transverse differential protection relay units for parallel 
lines provided at both ends of a resistance grounding 
system parallel 2-circuit transmission line and obtained. 
In the conventional system, since it is made of picture 
display per each controller and each item, the confirma- 
tion work is complicated. 

In FIGURE 4 a concrete configuration of the em- 
bodiment of the present invention is shown. Digital pro- 
tection controller 10 is composed of analog-to-digital 
conversion unit 10-1, digital processing unit 10-2, input/ 
output interface 10-3 to connect external equipments 
like breaker, etc. and conrvnunication interface 10-4 to 
perform the interface between communication network 
30 and this protection controller 10, and bus 10-5. 

In this respect, units 10-1 through 10-4 are mutually 
connected via bus 10-5. Here, components other than 
10-4 are the same as components in FIGURE 44 de- 
scribed in the prior art. But in digital processing unit 10-2 
in the embodiment, what is different from the conven- 
tional protection controller is that a part of program (set- 
ting program module in this embodiment) is sent to RAM 
2-2 via communication interface 10-4 from communica- 
tion network 30. and it is processed as a program In dig- 
ital processing unit 10-2. 

Conventionally, a program is fixedly written in ROM 
2-3. But it is a characteristic of the embodiment of the 
present invention that setting program module 50d is 
sent from communication network 30 to RAM 2-2, fur- 
ther, it is transferred to RAM of other controller. This dig- 
ital processing unit 10-2 constitutes knowledge addition 
means 1 2d and a part of receiving means 11 d and send- 
ing means 1 3d. 

Further, communication interface 10-4 is one of the 
characteristics of the embodiment of the present inven- 
tion and, for example as shown in this FIGURE, it per- 
forms the connection between the ethernet LAN and the 
protection controller. A part of the setting program mod- 
ule receiving means lid and sending means 13 is real- 
ized by this communication interface 10-4. 

In other words, the setting program module from 
communication network 30 is received here in commu- 
nication network 10-4, and transferred to above RAM 
2-2. Further, the setting program module executed in 
digital processing unit 10-2 is sent to communication 
network 30 via this communication interface 10-4, and 
it is transferred to display controller 20 or other protec- 
tion controller. The above is a concrete configuration of 
an electric power system protection and control system 
according to the twelfth embodiment of this invention. 



Further, as an example of communication network 
30, it is composed of a network connecting protection 
controllers in a local range such as substation by an eth- 
ernet LAN. a network connecting personal computers 
s and work stations in attended substation and a wide ar- 
ea network connecting both the networks in a wide area, 
as shown in FIGURE 4. 

In this respect, the configuration of an ethernet LAN 
is general, and its explanation is omitted. Fuither, as a 
10 wide area network, switching networks, such as tele- 
phone circuits etc. are used. 

Display controller 20 is realized by a personal com- 
puter In this FIGURE. Setting program module sending 
means 21 d is realized by an interlace circuit between 
^5 the software in a personal computer and the ethernet 
LAN. 

According to this embodiment, since the setting 
work conventionally performed by an operator can be 
realized, in substitution, by the setting program module. 
As it becomes not necessary for an operation to go to 
each substation for the setting work, a sharp labor sav- 
ing is made possible. Further, since it Is made that var- 
ious result data as to the setting work can be sequen- 
tially added to the setting program module, a distant op- 
erator can acquire and confirm easily details of the set- 
ting resuft. As a result, the operability can be improved. 

Further, the setting program module Itself corre- 
sponding to the setting work conventionally performed 
by an operator of the protection controller is sent from 
the display controller to the protection controller via the 
communication network, and executed in the protection 
controller. As a result, the communication procedure 
shown in FIGURE 47 can be neglected, and the traffic 
on the communication network can be made a little. Ac- 
cordingly the reliability is Improved. 

Further, conventionally, the operation correspond- 
ing to each request and the work to perform the same 
operation against plural controllers have been neces- 
sary. But in this embodiment, these works become un- 
necessary. An operator only sends the setting program 
module to the communication network. The setting pro- 
gram module itself autonomously performs the setting 
processing in each protection controller, collects the re- 
suit and related data, and moves between protection 
controllers adding them as knowledge. As a result, the 
designation and confirmation by an operator one by one 
Is not required, and a workload of an operator can be 
reduced. Accordingly, an electric power system protec- 
tion and control system of highly economical efficiency 
and reliability can be offered. 

Further, the setting result of each protection control- 
ler can be reflected to the setting program module. The 
state where a new setting value is not proper for the con- 
troller can be quickly known (for example, a relay works 
unnecessarily, or an abnormality is generated in a con- 
troller). As a result, it becomes possible that the setting 
program module controls a moving route by itself, and 
communicates the result to an operator, resulting in not 
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giving unproper setting values to plural protection con- 
trollers. In such a way, even though a moving route is 
controlled from the setting result, its effect is equal to 
the above embodiment. 

FIGURE 32 is a block diagram showing the con- 
struction of an electric power system protection and con- 
trol system according to a thirteenth embodiment of this 
invention. In FIGURE 32. the configuration of setting 
program module 50d nrraving between protection con- 
trollers is indicated. Further, in digital protection control- 
ler 10 an input means 14d is provided to give system 
electrical quantity intormation, system information, and 
related equipment information to this setting program 
module 50d. 

A moving route control means 51 d controls a mov- 
ing route of setting program module 50d, and performs 
revision of the moving route based on the system elec- 
trical quantity information, the system information, and 
the related equipment Information of each controller at 
the moving destination. Further, a setting value deter- 
mination means 52d determines a setting value to be 
changed similarly from the information obtained from in- 
put means 14d. By this, it is made possible to perform 
an optimum moving route control of the setting program 
module corresponding to the system electrical quantity 
information, the system information, and the related 
equipment information of the protection controller, and 
it is made possible to perform the operation of the pro- 
tection controller in the optimum setting value. 

Conventionally, for setting of a protection controller 
an operator determines a setting value taking into ac- 
count a state of an electric power system, functions of 
a protection controller, and an installation state thereof 
etc., and then the operator performs the setting work. 
However, accompanied with increase in demand of the 
electric power system in these years, a trend of gigantic 
implementation and complication in a system have been 
progressed. Conventionally, the system conditions are 
considered fixedly, and It has been made difficult to de- 
termine a setting value, in taking the worst state into con- 
sideration. For instance, if a setting value is made of a 
low sensitivity in taking the worst system conditions in 
account too much, a problem is produced that an acci- 
dent can not be distinguished, and the protection con- 
troller can not operate at the time when performing the 
protection and control is required. 

Against such a problem, In recent years, a concept 
of adaptive relays has been proposed. This is, the pro- 
tective relay is provided with functions automatically ad- 
justing the operating characteristic, setting and state of 
the protective relay corresponding to the change in con- 
ditions of the electric power system. It is detailed in the 
1994 National Meeting of The Institute of the Electrical 
Engineers of Japan, Lectured Theses s15-1 , etc. By the 
addition of such a function, even though how the system 
state is changed, it becomes more possible that a pro- 
tective relay surely distinguishes the existence of the 
fault. 



The concept diagram of an adaptive relay is shown 
in FIGURE 33. In FIGURE 33 information directly input 
from the electric power system to the protective relay is 
the system electrical quantity information, system infor- 

s mation, and related equipment infomfiation, such as volt- 
age and current of the system and active/reactive power 
induced therefrom, conditions of breaker and discon- 
necting switch, etc. The protective relay unit identifies a 
system fault based on these informations, and outputs 

10 a trip command of breaker to the system side. 

In the conventional protective relay, the character- 
istic, setting value, control sequence, etc. of the protec- 
tive relay have been fixed to those set in advance. But 
in adaptive relays, they have become variable corre- 

15 sponding to the input of the data from the system, as 
illustrated. As an example of the application of adaptive 
relays, FIGURE 34(A) shows the case in which the dis- 
tance measuring characteristic of the distance relay at 
a temninal A is influenced by the magnitude ot branch 

20 current from a terminal B, in a 3-terminal transmission 
line, for a fault which occurred further than the branch 
point. 

Conventionally, a relay performs the setting such 
that the protection section as the proper protection sec- 
25 Won when the branch current from terminal B is zero. In 
case the branch current from terminal B flows in, the pro- 
tective relay decides it as out of section (called as the 
under-reach phenomenon). This error becomes large in 
proportion to the magnitude of branch current. Original- 

30 ly, even though the system state changes and the cur- 
rent value from terminal B changes at the time of a fault, 
it is desirable to measure the distance correctly of the 
fault section. 

To avoid this, in the adaptive relays as shown in 

35 FIGURE 34(A), necessary information is transmitted to- 
ward a protective relay of terminal A from the protective 
relay installed in temninal B. For instance, the connec- 
tion state of the rear power supply of terminal B at the 
time of occurrence of a fault is transmitted in advance, 

40 and the setting of the distance relay of terminal A is ad- 
justed by supposing the rear impedance of terminal B. 

Or else, the magnitude of the current at terminal B 
is transmitted to the protective relay at terminal A: and 
the measuring impedance operation is correctly per- 

45 formed by making the current further than the branch 
point as the synthesis value of the currents at both ter- 
minals. At any rate, by taking the information at terminal 
B into the relay at terminal A, the change in branch effect 
from terminal B accompanied with the change in system 

50 is reflected, and the measuring impedance accuracy of 
a distance relay at terminal A can be improved. 

As a configuration in case such adaptive relays are 
realized in the prior art, it becomes the form as shown 
in FIGURE 34(B). In the protective relay at terminal B, 

55 an information acquisition processing unit to take the in- 
formation (the branch current and the connection state 
of the rear power supply) of the system to terminal B 
and a communication processing unit to perform com- 



28 



BNSDOCID: <EP ^0853367A2_L> 



55 



EP 0 853 367 A2 



56 



munication with terminal A are installed. Further, in the 
protective relay at ternninal A, a communication process- 
ing unit to send out and receive the information to and 
from terminal B, a setting processing unit to determine 
an optimum setting value by making the system infor- 
mation of its own terminal and this information from ter- 
minal B as its inputs, and a fautt decision processing unit 
to perform the correct distance measurement from the 
setting value obtained from the setting processing unit 
are installed. 

If an adaptive relay determines the setting value 
from the system information at its own terminal, it is good 
with the configuration shown in FIGURE 33. But in a 
case shown in FIGURE 34, the information of other sub- 
station becomes also necessary. Considering that the 
system becorhes gigantic and complex, for adaptive re- 
lays the communication and utilization of information be- 
tween protective relays installed in the electric stations 
in a wide range become indispensably a main stream. 

However, as described above in the conventional 
technique, a configuration of the protective relay which 
acquires the system information, communicates with 
protective relays in other electric station, detemnines its 
setting value to an optimum value becomes complicated 
and of a large scale. This causes the drop in economical 
efficiency and reliability. FIGURE 34(B) is of configura- 
tion to utilize the information from terminal B at terminal 
A. But conversely there is also a case to send informa- 
tion from terminal A to the relay at terminal B, and the 
configuration is complicated further, in case that there 
are provided N tenninals. and N is large, it becomes 
complicated further. 

FIGURE 35 is a block diagram to realize the adap- 
tive function described above in this embodiment. The 
setting program module provided with the moving route 
control means and the setting value determination 
means stays in the protective relay of terminal B. and 
moves to terminal A by the moving route control means, 
by the change in the system electrical quantity informa- 
tion because of an occurrence of a system fault. 

Here, various system information and system elec- 
trical quantity information of terminal B have been taken 
into the setting value determination means in this setting 
program module. Also in terminal A of the moving des- 
tination, similarly various system information and sys- 
tem electrical quantity information of terminal A are sim- 
ilarly taken in the setting value determination means. 
Then by means of the above procedure found in the set- 
ting value determination means (By supposing the rear 
impedance of terminal B, the setting value of the dis- 
tance relay of terminal A is adjusted. Or else, by making 
the current further than the branch point as the synthesis 
value of the currents at both terminals, the distance 
measurement operation is correctly performed.), the 
setting value is changed to the optimum value, or the 
current value being an operating quantity of the distance 
relay is adjusted (in other words, as the operating quan- 
tity of the distance relay, the current value from terminal 



B is added to the current value of its own terminal). 

In the setting value determination means described 
in this embodiment the determination of the setting val- 
ue as so-called sensitivity of the relay characteristic in 
s included. In addition, the selection of what is used as 
the operating quantity as described above (here, the se- 
lection to add the current of terminal B when there is a 
branch), the adjustment, further the change of the char- 
acteristic, the sequence control selection and charrge, 
10 are included in the setting work in a wide meaning. Ac- 
cordingly, these are also a subject to the determination 
by this setting value determination means. 

The setting value or operating quantity (current val- 
ue) determined by the above setting value determina- 
tion means is given to the fault decision processing unit. 
By this, the distance relay operation of terminal A is per- 
formed, and a trip command is given to a breaker. 

To realize the configuration described above, other 
than the fault decision processing unit, it is enough if 
there is provided one setting program module. The set- 
ting program module, accompanied with the occurrence 
of a system fault, collects the necessary data by itself 
and is transferred, and the value necessary for the fault 
decision of setting value, etc. and handling are deter- 
mined. Accordingly, in this embodiment, it becomes not 
necessary to provide many complicated processing 
units In each protective relay, as shown in FIGURE 34 
(B). 

Further, since the linking and communication be- 
tween individual processing units have not be required, 
but capsulated in this embodiment, there is no genera- 
tion of trouble, and it is preferable on the reliability. In 
particular, in many cases, it is enough that such an adap- 
tive function is operated in case of the occurrence of a 
system fault or the change in system conditions. To store 
many processing units for such processings in the pro- 
tective relay unit, when not using, requires the unnec- 
essary hardware resource, resulting in worsening eco- 
nomical efficiency. But in this embodiment, while setting 
program module is moved, the necessary processing is 
performed. Accordingly, an extremely high economical 
efficiency is achieved. Further, this embodiment is in the 
case of 2 terminals, but in case of many terminals, its 
effect becomes to be more distinguished. 

According to this embodiment, by installing the 
moving route control means and setting value determi- 
nation means In the setting program module, the pro- 
tection controller can be realized which is able to oper- 
ate in an adaptive way to the change in system condi- 
tions, and change in system electrical quantity. Further, 
since the configuration and processing in this case can 
be simplified, when realizing the adaptive relay function 
by communicating each other the informations between 
many protection controllers in particular, an electrical 
power system protection and control system of high eco- 
nomical efficiency and high reliability can be offered. 

FIGURE 36 is a block diagram showing the con- 
struction of an electric power system protection andcon- 
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trol system according to a fourteenth embodiment of this 
Invention. In FIGURE 36. setting program module 50 is 
provided with moving route control means 51d as de- 
scribed In FIGURE 32. Further, protection controller 10 
is provided with input means 14d as described in FIG- 
URE 32. 

The characteristics of this embodiment Is to install 
a protection and control operation determination means 
53d to detenmine a protection and control operation pro- 
gram module to be used by this information from input 
means 14d. Further, a protection and control operation 
program module storage unit 60d to store the protection 
and control operation program module is provided. Fur- 
ther, a protection and control operation program module 
necessary lor each protection controller is called out and 
executed by a protection and control operation execu- 
tion means 15d installed in protection controller 10. In 
this respect, the concrete configuration of this embodi- 
ment is similar to that shown in FIGURE 4, and protec- 
tion and control operation program module storage unit 
60d employs such hardware as a workstation, and a per- 
sonal computer, etc. 

For the adaptive function to automatically adjust the 
characteristic and setting corresponding to the change 
in the conditions of the electric power system has been 
described in the embodiment described above, and 
such an adaptive function is that the setting processing 
unit acts against the protection and control operation (for 
instance, the processing of the fault decision unit shown 
in FIGURES 33, 34 and 35 provided in advance in the 
protective relay unit. Therefore, according to the adap- 
tive relay conventionally proposed, the fundamental 
configuration for the protection and control operation 
processing itself is fixed in advance. 

However, accompanied with the gigantic implemen- 
tation and complex implementation of the system, the 
protection and control operation processing is installed 
in a fixed way in advance by considering all of these has 
a limit, even though the setting processing corresponds 
adaptively to the system condition. Further, that all the 
processings thinkable in advance are taken in a fixed 
way, is to have many functions not used in the protective 
relay, which is not preferable economically. 

This embodiment offers a configuration to solve this 
problem, and it becomes possible that only the optimum 
protection and control operation required every time, by 
being adaptive to the change in the conditions of the 
electric power system, can be distributed to each pro- 
tective relay unit. 

Below, this embodiment is explained by showing a 
concrete example. FIGURE 37 shows high-resistance 
grounding system parallel 2-circuit transmission lines. 
In such the high-resistance grounding system parallel 
2-circuit transmission lines, It is known that by the cur- 
rent inducted from the other circuit a zero-phase-se- 
quence circulating current is always produced, and in- 
fluences the earth-fault transverse differential protection 
relay grounded at both temninals of the circuit at the time 



of occurrence of a system fault, and there are bad influ- 
ences like a failure to operate of a healthy circuit, etc. 

As this measure, it is a general practice that by mak- 
ing a change component of the zero-phase-sequence 

5 at the point of occurrence of a fault as the operating 
quantity, the magnitude of change of transverse differ- 
ential protectbn relay that can perform the protection at 
high sensitivity is applied to a system in which the zero- 
phase-sequence circulating current is large. Such a re- 

10 lay is also called one of adaptive relays. 

In FIGURE 37, an example of the operation of the 
protective relay in this case is explained. In FIGURE 37 
(a), in a system of a large zero-phase-sequent circulat- 
ing current, if a fault occurs very near at terminal A of a 

IS parallel 2- circuit No. 1 line, first, terminal A is cut off by 
a change component type circuit selective relay (50AG) 
of terminal A in FIGURE 37(b). Since the zero-phase- 
sequence circulating current does not circulate at this 
point of time, terminal B can be cut off by a simple earth- 

20 fault transverse differential protection relay (50G) as 
shown in FIGURE 37(c). 

Shown in FIGURE 38 Is the protection and control 
sequence to realize such an operation. Here the oper- 
ation as above described Is realized by the combination 

25 of an earth-fault overvoltage relay (64) and the above 2 
relay elements (50AG, 50G). Here, 50LT and 50GT are 
timers to coordinate the relay operations of both termi- 
nals. By these the sequential cut-off can be performed, 
for terminal A by change component type circuit selec- 

30 tive relay (50 AG), and for terminal B simple earth-fault 
circuit selective relay (50G). 

In the conventional relay unit as described above, 
it is necessary to take in advance a change component 
type circuit selective relay (50AG) in the protective relay 

35 unit, in the system where a zero-phase-sequence circu- 
lating current is found. However, the magnitude of zero- 
phase-sequence circulating currents is largely influ- 
enced by the state of other transmission line framing in 
a combined way and the magnitude of the power flow. 

40 Therefore, there is a possibility that this relay is applied 
to the system where the protection is not required, or 
conversely the normal protection cannot be performed 
even though there arises a need for protection during 
operation, but this relay is not applied to the system 

45 Where the protection is required. This has a problem in 
terms of economical efficiency and reliability 

According to this embodiment, this problem is 
solved. As shown in FIGURE 36. the magnitude of zero- 
phase-sequence circulating current of the system is 

50 found by input means 14d. By this, by protection and 
control operation determination means 53d in setting 
program module, due to the fact that the zero-phase- 
sequence circulating current of the magnitude larger 
than a prescribed value continued to flow, from protec- 
ts tion and control operation program module storage unit 
60d, a protection and control operation program module 
of change component type circuit selective relay (50AG) 
is called, and is executed by protection operation exe- 
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cution means 15d. Concretely, this progranr^ module is 
stored in the RAM in the protective relay unit, in the CPU 
this is called as the code, and executed. 

In such a way, only when a need arises, the protec- 
tion and control operation program module is called and 5 
used. Accordingly the useless hardware resource is not 
used always, and the optimum protection and control 
system corresponding to the conditions of the system 
can be realized. 

Further, incase both terminals in FIGURE 38 above 
described are cut off by different relay elements, as 
shown in FUGURE 39 the moving route control means 
of the setting program module functions as follows. 

First, setting program module calls out the program 
module of change component type circuit selective relay 
(50AG) from protection and control operation program 
module storage unit 60d by the occurrence of a system 
fault, which is then executed by relay unit A. In the mean- 
time, the setting program module is moved to relay unit 
B, and judges that the succeeding cut-off is required 
from the knowledge obtained by terminal A and the sys- 
tem condition. Then, setting program module calls cir- 
cuit selective relay (50G) program module and cuts off 
terminal B. In such a way, by moving route control 
means in the setting program module, it is moved to ter- 
minal 8 by the change in the system condition, that is 
the cut-off of terminal A. and necessary program module 
can be executed. 

As shown in FIGURE 39 the function always staying 
in the protective relays at both terminals is one setting 
program module, and the fault decision unit becomes 
not to be required always. In particular, in spite of the 
fact that the relay elements required at both terminals 
are different, respectively as shown in FIGURE 38. in 
the prior art the completely same relay elements had to 
be mounted at both temriinals. 

However, according to this embodiment, by recog- 
nizing the change in the system state occurring at each 
terminal, the setting program module moves. The opti- 
mum protection and control operation program module 
can be provided and executed in each protective relay. 
By this, an electric power system protection and control 
system of high economical efficiency and reliability can 
be offered. In this respect, in the above embodiment it 
is referred only to the operation of relay elements. But 
this embodiment is also applied to the sequence control 
operation, of such as the logic and timer processing, etc. 
and the similar effect can be expected. 

Further, this invention is not limited to an electric 
power system only. But this invention is also applicable 
to a distributed control system composed of plural dis- 
tributed controllers to control equipments to be control- 
led by taking status quantities therefrom and a display 
controller connected to these distributed controllers via 
a communication network to display and control for 
monitoring the operations and status of distributed con- 
trollers (or a program storage unit to store a setting pro- 
gram module that is capable of operating on the distrib- 



uted controllers). In this case, in the embodiments de- 
scribed above, the protection controllers should be read 
as the distributed controllers. 

Further, this invention is not limited to an electric 
power system only. But this invention is also applicable 
to a distributed control system composed of plural dis- 
tributed controllers to control equipments to be control- 
led by taking status quantities therefrom and a display 
controller connected to these distributed controllers via 
a communication network to display and control for 
monitoring the operations and status of distributed con- 
trollers (or a program storage unit to store program mod- 
ules that are capable of operating on the distributed con- 
trollers). In this case, in the embodiments described 
above, the protection controllers should be read as the 
distributed controllers. 

In essence, this invention can be applied to a sys- 
tem composed of a plurality of units, each for operating 
an equipment which is the object to be operated by in- 
putting a status quantity of the equipment, and a display 
controller connected to each of the units via a commu- 
nication network for displaying and controlling an oper- 
ation and status of each of the units for monitoring (or a 
program storage unit for storing a program module 
which can be operated in the units). 

In addition, this invention can also be applied to a 
program storing medium readable by a computer, tan- 
gibly embodying a program of instructions executable 
by the computer to perform method steps as described 
above for a monitor and control system, an electric pow- 
er system protection and control system or a distributed 
control system. 

According to this invention, it is possible to provide 
an electric power system protection and control system 
composed of a plurality of protection controllers and a 
display controller connected via a communication net- 
work which is excellent in theoperability, economical ef- 
ficiency, maintainability and reliability, without increas- 
ing the load of the communication network, by utilizing 
the fact that the protection controllers are connected to 
the communication network and paying attention to the 
movement of a program module and the cooperation 
functions among protection controllers in the system. 

According to this invention, it is also possible to pro- 
vide an electric power system protection and control 
system composed of a plurality of protection controllers 
and a display controller connected via a communication 
network which is excellent in the operability, economical 
efficiency, maintainability and reliability, by eliminating 
the operation analyzing work which is conventionally 
performed and without increasing the load of the com- 
munication network, by utilizing the fact that the protec- 
tion controllers are connected to the communication net- 
work and paying attention to the movement of an oper- 
ation analyzing program module. 

According to this invention, it is further possible to 
provide an electric power system protection and control 
system composed of a plurality of protection controllers 
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and a display controller connected via a communication 
network which is excellent in the operability, economical 
efficiency, maintainability and reliability, by eliminating 
the work for a patrol which is conventionally performed 
without increasing the load of the communication net- 5 
work, by utilizing the fact that the protection controllers 
are connected to the communication network and pay- 
ing attention to the movement of a monitoring program 
module and the cooperation functions among protection 
controllers in the system- 
According to this invention, it is still possible to pro- 
vide an electric power system protection and control 
system composed of a plurality of protection controllers 
and a display controller connected via a communication 
network which is excellent In the operability, economical 
efficiency, maintainability and reliability, by eliminating 
the setting work which is conventionally performed, ex- 
tending further the range of the setting function, optimiz- 
ing the setting value and the protection and control char- 
acteristics quickly and anonymously corresponding to 
the change In the electric power system, without in- 
creasing the load of the communication network, by uti- 
lizing the fact that the protection controllers are connect- 
ed to the communication network and paying attention 
to the movement of a setting program module. 

According to this invention, it is possible to provide 
a distributed control system composed of a plurality of 
distributed controllers and a display controller connect- 
ed via a communication network which is excellent in 
the operability, economical efficiency, maintainability 
and reliability without increasing the load of the commu- 
nication network, by utilizing the fact that the distributed 
controllers are connected to the communication network 
and paying attention to the movement of a program 
module and the cooperation functions among distribut- 
ed controllers in the system. 

According to this invention, it is also possible to pro- 
vide a distributed control system composed of a plurality 
of distributed controllers and a display controller con- 
nected via a communication network which is excellent 
in the operability, economical efficiency, maintainability 
and reliability, by eliminating the operation analyzing 
work which is conventionally performed and without in- 
creasing the load of the communication network, by uti- 
lizing the fact that the distributed controllers are con- 
nected to the communication network and paying atten- 
tion to the movement of an operation analyzing program 
module. 

According to this invention, it is further possible to 
provide a distributed control system composed of a plu- 
rality of distributed controllers and a display controller 
connected via a communication network which is excel- 
lent In the operability. economical efficiency, maintaina- 
bility and reliability, by eliminating the work for a patrol 
which is conventionally performed, without increasing 
the load of the communication network, by utilizing the 
fact that the distributed controllers are connected to the 
communication network and paying attention to the 



movement of a monitoring program module and the co- 
operation functions among distributed controllers in the 
system. 

According to this invention, it is still possible to pro- 
vide a distributed control system composed of a plurality 
Still a further object of this invention is to provide a dis- 
tributed control system composed of a plurality of dis- 
tributed controllers and a display controller connected 
via a communication network which is excellent in the 
operability. economical efficiency, maintainability and 
reliability, by eliminating the setting work which is con- 
ventionally performed, extending further the range of the 
setting function, optimizing the setting value and the dis- 
tributed control characteristics quickly and anonymous- 
ly corresponding to the change in the electric power sys- 
tem, without increasing the load of the communication 
network, by utilizing the fact that the distributed control- 
lers are connected to the communication network and 
paying attention to the movement of a setting program 
module. 

Obviously, numerous modifications and variations 
of the present invention are possible in light of the above 
teachings. It is therefore to be understood that within the 
scope of the appended claims, the invention may be 
practiced otherwise than as specifically described here- 
in. 



Claims 

30 

1. A monitor and control system, comprising: 

a plurality of processing units, each for moni- 
toring or controlling an equipment by inputting 
35 a status quantity of said equipment; and 

a display controller connected to each of said 
processing units via a communication network, 
for displaying and controlling an operation and 
status of each of said processing units for mon- 
40 itoring; 

said display controller being provided with pro- 
gram module sending means for sending out a 
program module corresponding to contents for 
display control in said display controller to each 
45 of said processing units via said communica- 

tion network; and 

each of said processing units being provided 

with, 

program module receiving means for receiving 
BO said program module from said display control- 

ler or another one of said processing units, 
executing means for executing said received 
program module, and 

transfer means for transferring an execution re- 
ss suit by said execution means or said program 

nrK>dule stored in said processing unit to said 
display controller or another one of said 
processing units via said communication net- 
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work. 

2. An electric power system protection and control 
system, connprising: 

5 

a plurality of protection controllers, each for ex- 
ecuting protection and control of an electric 
power system by inputting a status quantity of 
said electric power system and for converting 
said status quantity into digital data; and io 
a display controller connected to each of said 
protection controllers via a communication net- 
work, for displaying and controlling an opera- 
tion and status of each of said protection con- 
trollers for monitoring; is 
said display controller being provided with pro- 
gram module sending means for sending out a 
program module corresponding to contents for 
display control in said display controller to one 
of said protection controllers via said commu- 20 
nication network, respectively; and 
each of said protection controllers being provid- 
ed with, 

program module receiving means for receiving 
said program module from said display control- 25 
ler or another one of said protection controllers 
via said communication network, 
execution means for executing said received 
program module, and 

transfer means for transferring an execution re- 30 
suit by said execution means or said program 
module stored in said protection controller to 
said display controller or another one of said 
protection controllers via said communication 
network. 55 

3. An electric power system protection and control 
system, comprising: 

a plurality of protection controllers, each for ex- 40 
ecuting protection and control of an electric 
power system by inputting a status quantity of 
said electric power system and for converting 
said status quantity Into digital data; and 
a display controller connected to each of said 46 
protection controllers via a communication net- 
work, for displaying and controlling an opera- 
tion and status of each of said protection con- 
trollers for monitoring; 

said display controller being provided with op- so 
eratlon analyzing program module sending 
means for sending out an operation analyzing 
program module for analyzing an operation of 
one of said protection controllers to one of said 
protection controllers via said communication ss 
network, respectively; and 
each of said protection controllers being provid- 
ed with, 



operation analyzing program module receiving 
means for receiving said operation analyzing 
program module from said display controller or 
another one of said protection controllers via 
said communication network, 
knowledge adding means for executing said re- 
ceived operation analyzing program module 
and for giving an execution result as a knowl- 
edge of said operation analyzing program mod- 
ule, and 

sending means for sending said operation an- 
alyzing program module after added with said 
knowledge to said display controller or another 
one of said protection controllers via said com- 
munication network; and 
said display controller being further provided 
with, 

receiving means for receiving said operation 
analyzing program module after added with 
said knowledge sent from one of said protection 
controllers, and 

display means for displaying a received result 
in said receiving means. 

4. The electric power system protection and control 
system according to Claim 3: 

wherein each of said protection controller is fur- 
ther provided with, 

operation Information Inputting means for giv- 
ing an operation information to said operation 
analyzing program module moving among said 
protection controllers, and 
controller information inputting means for giv- 
ing a controller Information as to what range of 
said electric power system Is made an object 
for protection and control by one of said protec- 
tion controllers, respectively; and 
wherein said operation analyzing program 
module is provided with, 
moving route information Inputting means for 
inputting an information to control a moving 
route autonomously upon receipt of said oper- 
ation information and said controller informa- 
tion, and 

moving route control means for correcting said 
moving route based on said operation informa- 
tion and said controller information of one of 
said protection controllers of moving destina- 
tion, respectively. 

5. The electric power system protection and control 
system according to Claim 3, further comprising: 

an operating state prediction knowledge base 
which stores an operating state when a system 
fault occurs; 

wherein said operation analyzing program 
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module is provided with verifying means for ver- 
ifying validity of an operation of one of said pro- 
tection controllers by comparing said operation 
information collected by said operation analyz- 
ing program module with said operation sate s 
prediction knowledge base, respectively. 

6. The electric power system protection and control 
system according to Claim 3, further comprising: 

10 

a plurality o1 system observation units, each for 
taking and accumulating electrical quantity 
from said electric power system; 
wherein said operation analyzing program 
module is provided with, 
moving route control means for correcting a 
moving route based on an operation informa- 
tion collected by said operation analyzing pro- 8. 
gram module moving among said protection 
controllers which may be related to a system 20 
fault of said electric power system, and 
verifying means for verifying validity of an op- 
eration of one of said protection controllers by 
comparing said operation information collected 
by said operation analyzing program module 2S 
with said electrical quantity collected by said 
operation analyzing program module from one 
of said system observation units based on a re- 
sult of said moving route control means. 

30 

7. An electric power system protection and control 9. 
system, comprising: 

a plurality of protection controllers, each for ex- 
ecuting protection and control of an electric 3S 
power system by inputting a status quantity of 
said electric power system and for converting 
said status quantity into digital data; and 
a display controller connected to each of said 
protection controllers via a communication net- 
work, for displaying and controlling an opera- 
tion and status of each of said protection con- 
trollers for monitoring; 

said display controller being provided with mon- 
itoring program module sending means for 45 
sending out a monitoring program module for 
monitoring a status of one of said protection 
controllers to one of said protection controllers 
via said communication network, respectively; 
and so 
each of said protection controllers being provid- 1 0. 
ed with, 

monitoring program module receiving means 
for receiving said monitoring program module 
from said display controller or another one of 5S 
said protection controllers via said communica- 
tion network, 

knowledge adding means for executing said re- 



ceived monitoring program module and for giv- 
ing an execution result as a knowledge of said 
monitoring program module, and 
sending means for sending said monitoring 
program module after added with said knowl- 
edge to said display controller or another one 
of said protection controllers via said commu- 
nication network; and 

said display controller being further provided 

with, 

receiving means for receiving said monitoring 
program module after added with said knowl- 
edge sent from one of said protection control- 
lers, and 

display means for displaying a received result 
in said receiving means. 

The electric power system protection and control 
system according to Claim 7: 

wherein said monitoring program module is 
provided with, 

abnormality detection means for detecting an 
abnormality of one of said protection control- 
lers, respectively, and 

moving route control means for controlling a 
moving route of said monitoring program based 
on an output of said abnomnality detection 
means. 

The electric power system protection and control 
system according to Claim 7: 

wherein specific purpose data collection pro- 
gram module is provided as said monitoring 
program module; 

wherein said display controller Is provided with 
specific purpose indication means for giving a 
specific purpose to said specific purpose data 
collection program module; and 
wherein said specific purpose data collection 
program module is provided with, 
data collection means for collecting data in one 
of said protection controllers in accordance with 
said specific purpose, and 
comparison means for carrying out comparison 
statistics processing on the same item of said 
collected data of one of said protection control- 
lers. 

The electric power system protection and control 
system according to Claim 7, further comprising: 

diagnostic program module for diagnosing one 
of said protection controllers in detail and for 
specifying a failure part in one of said protection 
controllers, in which said monitoring program 
module judges that there is an occurrence of 
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abnormality or an omen of and occurrence of 
abnormality; 

wherein said display controller is provided with 
diagnostic program module sending means for 
sending out said diagnostic program module to 
one of said protection controllers via said com- 
munication network; and 
wherein each of said protection controllers is 
-provided with, 

diagnostic program module receiving means 
for receiving said diagnostic program module, 
and 

execution means tor executing said diagnostic 
program module. 

11. The electric power system protection and control 
system according to Claim 10, further comprising: 

program storage means for storing a repair pro- 
gram module for repairing one of said protec- 
tion controller in order to continue the operation 
of one of said protection controllers, respective- 
ly; 

wherein said program storage means is provid- 
ed with repair program module sending means 
for sending out said repair program module cor- 
responding to said failure part to one of said 
protection controllers via said communication 
network in order to continue the operation of 
one of said protection controllers after said fail- 
ure part is specified by said diagnostic program 
module; and 

wherein each of said protection controllers is 
further provided with, 

repair program module receiving means for re- 
ceiving said repair program module, and 
execution means for executing said repair pro- 
gram module. 

12. The electric power system protection and control 
system according to Claim 7, wherein: 

said monitoring program module is provided 
with control means for controlling a transfer cy- 
cle, stay time in one of said protection control- 
lers, processing contents and moving route of 
said monitoring program in accordance with 
working results and operating results of one of 
said protection controllers. 

13. An electric power system protection and control 
system, comprising: 

a plurality of protection controllers, each for ex- 
ecuting protection and control of an electric 
power system by inputting a status quantity of 
said electric power system and for converting 
said status quantity into digital data; and 



a display controller connected to each of said 
protection controllers via a communication net- 
work, for displaying and controlling an opera- 
tion and status of each of said protection con- 
5 trollers for monitoring; 

said display controller being provided with set- 
ting program module sending means for send- 
ing out a setting program module for setting for 
one of said protection controllers to one of said 
10 protection controllers via said communication 

network, respectively; and 
each of said protection controllers being provid- 
ed with, 

setting program module receiving means for re- 
'5 ceiving said setting program module from said 

display controller or another one of said protec- 
tion controllers via said communication net- 
work, 

knowledge adding means for executing said re- 
^0 ceived setting program module and for giving 

an execution result as a knowledge of said set- 
ting program module, and 
sending means for sending said setting pro- 
gram module after added with said knowledge 
to said display controller or another one of said 
protection controllers via said communication 
network; and 

said display controller being further provided 
with, 

50 receiving means for receiving said setting pro- 

gram module after added with said knowledge 
sent from one of said protection controllers, and 
display means for displaying a received result 
in said receiving means. 

3S 

14. The electric power system protection and control 
system according to Claim 1 3: 

wherein each of said protection controller isfur- 
40 ther provided with input means for inputting, in 

each of said protection controller, system elec- 
trical quantity information, system information, 
and related equipment information to said set- 
ting module moving among said protection con- 
45 trollers; and 

wherein said setting program module is provid- 
ed with, 

moving route control means for controlling a 
moving route autonomously, and 
^o setting value determination means for deter- 

mining a setting value to be changed. 

15. The electric power system protection and control 
system according to Claim 1 3, further comprising: 

55 

protection and control operation program stor- 
age means for storing a protection and control 
operation program module which can be called 
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out from said setting module moving among 
said protection controllers; 
wherein said setting program module is provid- 
ed with, 

moving route control means for controlling a 
moving route autonomously, and 
protection and control operation determination 
means for determining said protection and con- 
trol operation program module necessary for 
one of said protection controllers and for calling 
out said determined protection and control op- 
eration program module from said protection 
and control operation program module storage 
means; and 

wherein each of said protection controller is fur- 
ther provided with, 

Input means for inputting, in each of said pro- 
tection controller, system electrical quantity in- 
formation, system information, and related 
equipment information to said setting module 
moving among said protection controllers, and 
protection and control operation executing 
means for executing said determined protec- 
tion and control operation program module col- 
lected by said protection and control operation 
determination means. 

16. A distributed control system, comprising: 

a plurality of distributed controllers, each for 
controlling an equipment to be controlled by in- 
putting a status quantity of said equipment and 
for converting said status quantity into digital 
data; and 

a display controller connected to each of said 
distributed controllers via a communication net- 
work, for displaying and controlling an opera- 
tion and status of each of said distributed con- 
trollers for monitoring; 

said display controller being provided with pro- 
gram module sending means for sending out a 
program module corresponding to contents for 
display control in said display controller to one 
of said distributed controllers via said commu- 
nication network, respectively; and 
each of said distributed controllers being pro- 
vided with, 

program module receiving means for receiving 
said program module from said display control- 
ler or another one of said distributed controllers 
via said communication network, 
execution means for executing said received 
program module, and 

transfer means for transferring an execution re- 
sult by said execution means or said program 
module stored in said distributed controller to 
said display controller or another one of said 
distributed controllers via said communication 
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17. A distributed control system, comprising: 

a plurality of distributed controllers, each for 
controlling an equipment to be controlled by in- 
putting a status quantity of said equipment and 
for converting said status quantity into digital 
data; and 

a display controller connected to each of said 
distributed controllers via a communication net- 
work, for displaying and controlling an opera- 
tion and status of each of said distributed con- 
trollers for monitoring; 

said display controller being provided with op- 
eration analyzing program module sending 
means for sending out an operation analyzing 
program module for analyzing an operation of 
one of said distributed controllers to one of said 
distributed controllers via said communication 
network, respectively; and 
each of said distributed controllers being pro- 
vided with, 

operation analyzing program module receiving 
means for receiving said operation analyzing 
program module from said display controller or 
another one of said distributed controllers via 
said communication network, 
knowledge adding means for executing said re- 
ceived operation analyzing program module 
and for giving an execution result as a knowl- 
edge of said operation analyzing program mod- 
ule, and 

sending means for sending said operation an- 
alyzing program module after added with said 
knowledge to said display controller or another 
one of said distributed controllers via said com- 
munication network; and 
said display controller being further provided 
with, 

receiving means for receiving said operation 
analyzing program module after added with 
said knowledge sent from one of said distribut- 
ed controllers, and 

display means for displaying a received result 
in said receiving means. 

18. A distributed control system, comprising: 

a plurality of distributed controllers, each for 
controlling an equipment to be controlled by in- 
putting a status quantity of said equipment and 
for converting said status quantity into digital 
data; and 

a display controller connected to each of said 
distributed controllers via a communication net- 
work, for displaying and controlling an opera- 
tion and status of each of said distributed con- 
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trollers for monitoring; 

said display controller being provided with mon- 
itoring program module sending means for 
sending out a monitoring program module for 
monitoring a status of one of said distributed s 
controllers to one of said distributed controllers 
via said communication network, respectively; 
and 

each of said distributed controllers being pro- 
vided with, 10 
monitoring program module receiving means 
for receiving said monitoring program module 
from said display controller or another one of 
said distributed controllers via said communi- 
cation network, is 
knowledge adding means for executing said re- 
ceived monitoring program module and tor giv- 
ing an execution result as a knowledge of said 
monitoring program module, and 
sending means for sending said monitoring 20 
program module after added with said knowl- 
edge to said display controller or another one 
of said distributed controllers via said commu- 
nication network; and 

said display controller being further provided 2S 
with, 

receiving means for receiving said monitoring 
program module after added with said knowl- 
edge sent from one of said distributed control- 
lers, and 30 
display means for displaying a received result 
in said receiving means. 

19. A distributed control system, comprising: 

3S 

a plurality of distributed controllers, each for 
controlling an equipment to be controlled by in- 
putting a status quantity of said equipment and 
for converting said status quantity into digital 
data; and 40 
a display controller connected to each of said 
distributed controllers via a communication net- 
work, for displaying and controlling an opera- 
tion and status of each of said distributed con- 
trollers for monitoring; 45 
said display controller being provided with set- 
ting program module sending means for send- 
ing out a setting program module for setting for 
one of said distributed controllers to one of said 
protection controllers via said communication so 
network, respectively; and 
each of said protection controllers being provid- 
ed with, 

setting program module receiving means for re- 
ceiving said setting program module from said ss 
display controller or another one of said distrib- 
uted controllers via said communication net- 
work, 



knowledge adding means for executing said re- 
ceived setting program module and for giving 
an execution result as a knowledge of said set- 
ting program module, and 
sending means for sending said setting pro- 
gram module after added with said knowledge 
to said display controller or another one of said 
distributed controllers via said communication 
network; and 

said display controller being further provided 
with, 

receiving means for receiving said setting pro- 
gram module after added with said knowledge 
sent from one of said distributed controllers, 
and 

display means for displaying a received result 
in said receiving means. 

20. A monitor and control device, comprising: 

a plurality of processing units, each for moni- 
toring or controlling an equipment by inputting 
a status quantity of said equipment; and 
a display controller connected to each of said 
processing units via a communication network, 
for displaying and controlling an operation and 
status of each of said processing units for mon- 
itoring; 

said display controller being provided with a 
program module sending unit for sending out a 
program module corresponding to contents for 
display control in said display controller to each 
of said processing units via said communica- 
tion network; and 

each of said processing units being provided 
with, 

a program module receiving unit for receiving 
said program module from said display control- 
ler or another one of said processing units, 
an executing unit for executing said received 
program module, and 

a transfer unit for transferring an execution re- 
sult by said execution unit or said program mod- 
ule stored in said processing unit to said display 
controller or another one of said processing 
units via said communication network. 

21. An electric power system protection and control de- 
vice, comprising: 

a plurality of protection controllers, each for ex- 
ecuting protection and control of an electric 
power system by inputting a status quantity of 
said electric power system and for converting 
said status quantity into digital data; and 
a display controller connected to each of said 
protection controllers via a communication net- 
work, for displaying and controlling an opera- 
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tion and status of each of said protection con- 
trollers for monitoring; 

said display controller being provided with a 
program module sending unit for sending out a 
program module corresponding to contents for s 
display control in said display controller to one 
of said protection controllers via said commu- 
nication network, respectively; and 
each of said protection controllers being provid- 
ed with, 10 
a program module receiving unit for receiving 
said program module from said display control- 
ler or another one of said protection controllers 
via said communicatbn network, 
an execution unit for executing said received is 
program module, and 

a transfer unit for transferring an execution re- 
sult by said execution unit or said program mod- 
ule stored in said protection controller to said 
display controller or another one of said protec- 20 
tion controllers via said communication net- 
work. 

22. An electric power system protection and control de- 
vice, comprising: 25 

a plurality of protection controllers, each for ex- 
ecuting protection and control of an electric 
power system by inputting a status quantity of 
said electric power system and for converting 30 
said status quantity into digital data; and 
a display controller connected to each of said 
protection controllers via a communication net- 
work, for displaying and controlling an opera- 
tion and status of each of said protection con- 3S 
trollers for monitoring; 

said display controller being provided with an 
operation analyzing program module sending 
unit for sending out an operation analyzing pro- 
gram module for analyzing an operation of one 40 
of said protection controllers to one of said pro- 
tection controllers via said communicatbn net- 
work, respectively; and 

each of said protection controllers being provid- 
ed with. 45 
an operation analyzing program module receiv- 
ing unit for receiving said operation analyzing 
program module from said display controller or 
another one of said protection controllers via 
said communication network, so 
a knowledge adding unit for executing said re- 
ceived operation analyzing program module 
and for giving an execution result as a knowl- 
edge of said operation analyzing program mod- 
ule, and ss 
a sending unit for sending said operation ana- 
lyzing program module after added with said 
knowledge to said display controller or another 



one of said protection controllers via said com- 
munication network; and 
said display controller being further provided 
with. 

a receiving unit for receiving said operation an- 
alyzing program module after added with said 
knowledge sent from one of said protection 
controllers, and 

a display unit for displaying a received result in 
said receiving unit. 

23. An electric power system protection and control de- 
vice, comprising: 

a plurality of protection controllers, each for ex- 
ecuting protection and control of an electric 
power system by inputting a status quantity of 
said electric power system and for converting 
said status quantity into digital data; and 
a display controller connected to each of said 
protection controllers via a communication net- 
work, for displaying and controlling an opera- 
tion and status of each of said protection con- 
trollers for monitoring; 

said display controller being provided with a 
monitoring program module sending unit for 
sending out a monitoring program module for 
monitoring a status of one of said protection 
controllers to one of said protection controllers 
via said communication network, respectively; 
and 

each of said protection controllers being provid- 
ed with, 

a monitoring program module receiving unit for 
receiving said monitoring program module from 
said display controller or another one of said 
protection controllers via said communication 
network, 

a knowledge adding unit for executing said re- 
ceived monitoring program module and for giv- 
ing an execution result as a knowledge of said 
HDonitoring program module, and 
a sending unit for sending said monitoring pro- 
gram module after added with said knowledge 
to said display controller or another one of said 
protection controllers via said communication 
network; and 

said display controller being further provided 
with, 

a receiving unit for receiving said monitoring 
program module after added with said knowl- 
edge sent from one of said protection control- 
lers, and 

a display unit for displaying a received result in 
said receiving unit. 

24. An electric power system protection and control de- 
vice, comprising: 
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nication network, at said display controller; and 
program module receiving step for receiving 
said program module from said display control- 
ler or another one of said processing units, at 
5 each of said processing units, 

executing step for executing said received pro- 
gram module, at each of said processing units, 

and 

10 

transfer step for transferring an execution result 
by said execution step or said program module 
stored in said processing unit to said display 
controller or another one of said processing 
units via said communication network, at each 
of said processing units, 



a plurality of protection controllers, each for ex- 
ecuting protection and control of an electric 
power system by inputting a status quantity of 
said electric power system and for converting 
said status quantity into digital data; and 
a display controller connected to each of said 
protection controllers via a communication net- 
work, for displaying and controlling an opera- 
tion and states of each of said protection con- 
trollers for monitoring; 

said display controller being provided with a 
setting program module sending unit for send- 
ing out a setting program module for setting for 
one of said protection controllers to one of said 
protection controllers via said communication 
network, respectively; and 
each of said protection controllers being provid- 
ed with, 

a setting program module receiving unit for re- 
ceiving said setting program module from said 
display controller or another one of said protec- 
tion controllers via said communication net- 
work, 

a knowledge adding unit for executing said re- 
ceived setting program module and for giving 
an execution result as a knowledge of said set- 
ting program module, and 
a sending unit for sending said setting program 
module after added with said knowledge to said 
display controller or another one of said protec- 
tion controllers via said communication net- 
work; and 

said display controller being further provided 
with, 

a receiving unit for receiving said setting pro- 
gram module after added with said knowledge 
sent from one of said protection controllers, and 
a display unit for displaying a received result in 
said receiving unit. 

25. A program storing medium readable by a computer, 
tangibly embodying a program of instructions exe- 
cutable by said computer to perform method steps 
for a monitor and control system, comprising, 

a plurality of processing units, each for moni- 
toring or controlling an equipment by inputting 
a status quantity of said equipment, and 
a display controller connected to each of said 
processing units via a communication network, 
for displaying and controlling an operation and 
status of each of said processing units for mon- 
itoring, 

said method comprising the steps of: 
program module sending step for sending out 
a program module corresponding to contents 
for display control in said display controller to 
each of said processing units via said commu- 



26- A program storing medium readable by a computer, 
tangibly embodying a program of Instructions exe- 
cutable by said computer to perform method steps 
for an electric power system protection and control 
system comprising, 



a plurality of protection controllers, each for ex- 

2S ecuting protectk>n and control of an electric 

power system by inputting a status quantity of 
said electric power system and for converting 
said status quantity into digital data, and 
a display controller connected to each of said 

30 protection controllers via a communication net- 

work, for displaying and controlling an opera- 
tion and status of each of sard protection con- 
trollers for monitoring, 
said methods comprising the steps of: 

3S program module sending step for sending out 

a program module corresponding to contents 
for display control in said display controller to 
one of said protection controllers via said com- 
munication network, respectively, at said dis- 

40 play controller; 

program module receiving step for receiving 
said program module from said display control- 
ler or another one of said protection controllers 
via said communication network at each of said 

45 protection controllers; 

execution step for executing said received pro- 
gram module at each of said protection control- 
lers; and 

transfer step for transferring an execution result 
50 by said execution step or said program module 

stored in said protection controller to said dis- 
play controller or another one of said protection 
controllers via said communication network at 
each of said protectbn controllers. 

55 

27. A program storing medium readable by a computer, 
tangibly embodying a program of instructions exe- 
cutable by said computer to perform method steps 
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for an electric power system protection and control 
system comprising, 

a plurality of protection controllers, each for ex- 
ecuting protection and control of an electric 
power system by inputting a status quantity of 
said electric power system and for converting 
said status quantity into digital data, and 
a display controller connected to each of said 
protection controllers via a communication net- 
work, for displaying and controlling an opera- 
tion and status of each of said protection con- 
trollers for monitoring, 
said methods comprising the steps of: 
operation analyzing program module sending 
step for sending out an operation analyzing pro- 
gram module for analyzing an operation of one 
of said protection controllers to one of said pro- 
tection controllers via said communication net- 
work, respectively, at said display controller; 
operation analyzing program module receiving 
step for receiving said operation analyzing pro- 
gram module from said display controller or an- 
other one of said protection controllers via said 
communication network at each of said protec- 
tion controllers; 

knowledge adding step for executing said re- 
ceived operation analyzing program module 
and for giving an execution result as a knowl- 
edge of said operation analyzing program mod- 
ule at each of said protection controllers; 
sending step for sending said operation analyz- 
ing program module after added with said 
knowledge to said display controller or another 
one of said protection controllers via said com- 
munication network at each of said protection 
controllers; 

receiving step for receiving said operation an- 
alyzing program module after added with said 
knowledge sent from one of said protection 
controllers at said display controller; and 
display step for displaying a received result in 
said receiving step at said display controller. 

28. A program storing medium readable by a computer, 
tangibly embodying a program of instructions exe- 
cutable by said computer to perform method steps 
for an electric power system protection and control 
system comprising, 

a plurality of protection controllers, each for ex- 
ecuting protection and control of an electric 
power system by inputting a status quantity of 
said electric power system and for converting 
said status quantity into digital data, and 
a display controller connected to each of said 
protection controllers via a communication net- 
work, for displaying and controlling an opera- 



tion and status of each of said protection con- 
trollers for monitoring, 
said methods comprising the steps of: 
monitoring program module sending step for 

5 sending out a monitoring program module for 

monitoring a status of one of said protection 
controllers to one of said protection controllers 
via said communication network, respectively, 
at said display controller; 

^0 monitoring program module receiving step for 

receiving said monitoring program module from 
said display controller or another one of said 
protection controllers via said communication 
network at each of said protection controllers; 

^5 knowledge adding step for executing said re- 

ceived monitoring program module and for giv- 
ing an execution result as a knowledge of said 
monitoring program module at each of said pro- 
tection controllers; 

sending step for sending said monitoring pro- 
gram module after added with said knowledge 
to said display controller or another one of said 
protection controllers via said communication 
network; at each of said protection controllers; 
2^ - receiving step for receiving said monitoring pro- 

gram module after added with said knowledge 
sent from one of said protection controllers, at 
said display controller; and 
display step for displaying a received result in 
said receiving step at said display controller. 

29. A program storing medium readable by a computer, 
tangibly embodying a program of instructions exe- 
cutable by said computer to perform method steps 
35 for an electric power system protection and control 
system comprising, 

a plurality of protection controllers, each for ex- 
ecuting protection and control of an electric 
power system by inputting a status quantity of 
said electric power system and for converting 
said status quantity into digital data, and 
a display controller connected to each of said 
protection controllers via a communication net- 
^ work, for displaying and controlling an opera- 

tion and status of each of said protection con- 
trollers for monitoring, 
said methods comprising the steps of: 
setting program module receiving step for re- 
ceiving a setting program module from said dis- 
play controller or another one of said protection 
controllers via said communication network at 
each of said protection controllers; 
knowledge adding step for executing said re- 
ceived setting program module and for giving 
an execution result as a knowledge of said set- 
ting program module at each of said protection 
controllers; 
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sending step for sending said setting program 
module after added with said knowledge to said 
display controller or another one of said protec- 
tion controllers via said communication network 
at each of said protection controllers; s 
receiving step for receiving said setting pro- 
gram module after added with said knowledge 
sent from one of said protection controllers at 
said display controller; and 

display step for displaying a received result in io 
said receiving step at said display controller. 

A program storing medium readable by a computer, 
tangibly embodying a program of instructions exe- 
cutable by said computer to perform method steps is 
for a distributed control system comprising, 

a plurality of distributed controllers, each for 
controlling an equipment to be controlled by in- 
putting a status quantity of said equipment and 20 
for converting said status quantity into digital 

data, and 

a display controller connected to each of said 
distributed controllers via a communication net- 
work, for displaying and controlling an opera- 2S 
tion and status of each of said distributed con- 
trollers for monitoring, 
said methods comprising the steps of: 
program module sending step for sending out 
a program module corresponding to contents 30 
for display control in said display controller to 
one of said distributed controllers via said com- 
munication network, respectively, at said dis- 
play controller; . 

program module receiving step for receiving 3S 
said program module from said display control- 
ler or another one of said distributed controllers 
via said communication network at each of said 
distributed controllers; 

execution step for executing said received pro- 40 
gram module at each of said distributed con- 
trollers; and 

transfer step for transferring an execution result 
by said execution step or said program module 
stored in said distributed controller to said dis- 
play controller or another one of said distributed 
controllers via said communication network at 
each of said distributed controllers. 

A program storing medium readable by a computer, so 
tangibly embodying a program of instructions exe- 
cutable by said computer to perform method steps 
for a distributed control system comprising, 

a plurality of distributed controllers, each for ss 
controlling an equipment to be controlled by in- 
putting a status quantity of said equipment and 
for converting said status quantity into digital 



data» and 

a display controller connected to each of said 
distributed controllers via a communication net- 
work, for displaying and controlling an opera- 
tion and status of each of said distributed con- 
trollers for monitoring, 
said methods comprising the steps of: 
operation analyzing program module sending 
step for sending out an operation analyzing pro- 
gram module for analyzing an operation of one 
of said distributed controllers to one of said dis- 
tributed controllers via said communication net- 
work, respectively at said display controller; 
operation analyzing program module receiving 
step for receiving said operation analyzing pro- 
gram module from said display controller or an- 
other one of said distributed controllers via said 
communication network at each of said distrib- 
uted controllers; 

knowledge adding step for executing said re- 
ceived operation analyzing program module 
and for giving an execution result as a knowl- 
edge of said operation analyzing program mod- 
ule at each of said distributed controllers; 
sending step for sending said operation analyz- 
ing program module after added with said 
knowledge to said display controller or another 
one of said distributed controllers via said com- 
munication network at each of said distributed 
controllers; 

receiving step for receiving said operation an- 
alyzing program module after added with said 
knowledge sent from one of said distributed 
controllers at said display controller; and 
display step for displaying a received result in 
said receiving step at said display controller. 

32. A program storing medium readable by a computer, 
tangibly embodying a program of instructions exe- 
cutable by said computer to perform method steps 
for a distributed control system comprising, 

a plurality of distributed controllers, each for 
controlling an equipment to be controlled by in- 
putting a status quantity of said equipment and 
for converting said status quantity into digital 
data, and 

a display controller connected to each of said 
distributed controllers via a communication net- 
work, for displaying and controlling an opera- 
tion and status of each of said distributed con- 
trollers, 

said methods comprising the steps of: 
nnonitoring program module sending step for 
sending out a monitoring program module for 
rrK)nitoring a status of one of said distributed 
controllers to one of said distributed controllers 
via said communication network, respectively, 
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at said display controller; 
monitoring program module receiving step for 
receiving said monitoring program module from 
said display controller or another one of said 
distributed controllers via said communication s 
network at each of said distributed controllers; 
knowledge adding step for executing said re- 
ceived monitoring program module and for giv- 
ing an execution result as a knowledge of said 
monitoring program module at each of said dis- io 
tributed controllers; 

sending step for sending said monitoring pro- 
gram module after added with said knowledge 
to said display controller or another one of said 
distributed controllers via said communication ^5 
network at each of said distributed controllers; 
receiving step for receiving said monitoring pro- 
gram module after added with said knowledge 
sent from one of said distributed controllers at 
said display controller; and 20 
display step for displaying a received result in 
said receiving step at sakJ display controller. 



display step for displaying a received result in 
said receiving step at said display controller. 



33. A program storing medium readable by a computer, 

tangibly embodying a program of instructions exe- 2S 
cutable by said computer to perform method steps 
for a distributed control system comprising, 



a plurality of distributed controllers, each for 
controlling an equipment to be controlled by in- 30 
putting a status quantity of said equipment and 
for converting said status quantity into digital 
data, and 

a display controller connected to each of said 
distributed controllers via a communication net- 35 
work, for displaying and controlling an opera- 
tion and status of each of said distributed con- 
trollers, 

said methods comprising the steps of: 
setting program module receiving step for re- 40 
ceiving a setting program module from said dis- 
play controller or another one of said distributed 
controllers via said communication network at 
each of said distributed controllers; 
knowledge adding step for executing said re- 45 
ceived setting program module and for giving 
an execution result as a knowledge of said set- 
ting program nrKXiule at each of said distributed 
controllers; 

sending step for sending said setting program 50 
module after added with said knowledge to said 
display controller or another one of said distrib- 
uted controllers via said communication net- 
work at each of said distributed controllers; 
receiving step for receiving said setting pro- 55 
gram module after added with said knowledge 
sent from one of said distributed controllers at 
said display controller; and 
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